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Introduction

In September 1991, a previously established working group convened to discuss aspects of hyperbaric

medical care for the Space Station (SS). A vigorous extravehicular activity schedule planned for SS

construction and maintenance led to the inclusion of an on-orbit hyperbaric treatment facility known as

the Hyperbaric Airlock (HAL). This presented several technical and procedural challenges requiring

expert consultation. The Ad Hoc Committee for Space Hyperbaric Medicine, which had been involved

since the early planning stages of the Space Station, had been formed to address these issues. Seven

highly experienced and world-renowned specialists in hyperbaric medicine and decompression related

disorders, representing a wide experience base in the aviation and undersea environments, have partici-

pated. This latest meeting at the Johnson Space Center, which involved five of these specialists, was the

third convening of this group. The meeting enjoyed heavy support and participation from local hyperbaric

and space medicine specialists from the NASA community. Specific topics addressed included the risk of

on-orbit decompression sickness (DCS), treatment options for DCS on orbit, overviews of the HAL layout

and operation, crew duty constraints following DCS, and specific hazards of hyperbaric treatment on

orbit. Over the course of several formal presentations and panel discussion, decompression disorders and

the role of hyperbaric medicine in manned space flight were covered thoroughly. These proceedings

reflect this enormously productive meeting, and will serve as a benchmark for further work in this highly

specialized and critical aspect of manned space flight.

ix





Space Station Hyperbaric Medicine Ad Hoc Committee Meeting

September 26-27, 1991

DR. MICHAEL

BARRATT: I'dliketointroduce our committee members quickly. Itseemed appropriate at

thistime tocombine the two committees that have been involved with the hyper-

baricaspect ofthe Space Station,and those that have been the Safety Committee

and the Ad Hoc Medicine Committee per se. Now that we've somewhat solidified

the major design aspectsofthe hyperbaric airlock(HAL), we're going to define the

operation - the best use. This is,in effect,a conference ofusers who willbe defin-

ing how we're going tooptimally use the product. We had seven members we

triedtoget together;we had two who couldn'tbe with us: Dr. Hallenbeck and

Dr. Flynn. They've been apprised ofour proceedings and willbe gettinginput

by the mail.

First, I'd like to introduce Col. Thomas Workman. Col. Workman is an aerospace

physiologist. He's been a full-tlme hyperbaric aerospace physiologist for the last

11 years or so. He is currently Chief of Hyperbaric Medicine at the Air Force

Hyperbaric Center at Brooks Air Force Base. And, he's been involved in this

committee since 1987.

Dr. Alfred Bove has extensive practical and research experience in hyperbaric

undersea medicine spanning military service with Navy diving operations to

bench-level research in diving physiology. He's on the editorial board for sev-

eral prominent medical journals and has participated in several national and



BARRATT:

(Cont'd)

internationalcommitteeson physiology,medicine,and safetyinthe hyperbaric

and marine environments.He'scurrentlyChiefoftheCardiologySectionat

Temple University.

Mr. SteveReimers: Mr. Reimers has a background inmechanicalengineering.

He has concerned himselfwithsafetyand engineeringevaluationofcountless

hyperbaricfacilitiesand hardware components. He was thepastprojectofiicer

fortheNavy experimentaldivingunitand providedallconstructionand engi-

neeringservicesrelatedtothedesignand layoutoftheman-rated chambers at

theNaval Medical ResearchInstitute.He'spublishedextensivelyon chamber

design,environmental controlsystems,and component evaluation,and he is

currentlytheowner and chiefengineerofReimers EngineeringinArlington.

Dr.Hamilton: Dr. Hamilton has used hisbackground inphysiologyand

biophysicsinextensiveapplicationtodivingand aerospaceenvironmental

physiology,and has aparticularinterestindecompression,breathinggases,

and effectsofpressure.He servedas afighterpilotintheAir Forceand Air

NationalGuard, and earnedtheDistinguishedFlyingCross inKorea while

alsosolvingejectionsystemequipment problems.He has developednumerous

and creativedecompressiontablesforspecializedapplications,includingwork-

ingon our own hyperbaricairlock.He iscurrentlytheprincipleoftheconsulting

firmHamilton Research,Ltd.,inTarrytown, New York.

Dr.Pilmanis:Dr. Pilmanisisa Ph.D. inphysiology.He specializedinaerospace

physiologyand iscurrentlychiefofthehigh-altitudeprotectionfunctionforthe

U.S.Air Force Crew SystemsDivisionatBrooks Air ForceBase. He hasdone

2
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extensive research in altitude decompression sickness -in particular ebullism

and, most recently, denitrogenation at altitude. He is a former Director of the

USC-Catalina Hyperbaric Treatment Facility and has extensive practical

experience in the treatment of air embolism and decompression sickness.

With that, I'd like to go ahead and get started a little bit early. Dr. Charles

Lloyd, who is the NASA project director for the Health Maintenance Facility,

will give us an overview of the current Space Station configuration as a result

of recent restructuring.

Over_iew of the Current Health Maintenance Facility

DR. CHARLES

LLOYD: Good morning. It's welcoming to see some old faces and many new faces repre-

senting NASA. I appreciate that you folks took the time to come in and talk

about a very important aspect of medical care for Space Station Freedom that,

so far, has survived and stayed with the Station. I'm going to talk about some

of the restructuring aspects of it. There has been a fair amount of time and effort

directed at making sure that we keep the medical aspects in place. We have good

medical care for Space Station Freedom as well as for projection to the advanced

programs for lunar and Mars and so forth. There have been many changes, not

only in the Station but in personnel. Mike Barratt is now representing KRUG

Life Sciences for hyperbarics, and there are several old faces in here: Before him,

it was Bill Norfleet; over on the other side, Barb Stegmann by him; and you didn't

see me at the last conference because we had Joe Boyce at the helm. So, we've

3
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lost a fair number of folks, and we all define the hyperbarics area. We have a

changeover in many other positions- such as Jeff Davis as branch chief. We now

have Roger Btllica as our branch chief. There's been a restructure of SD2, the

Medical Operations Branch, and of Space Station folks in this particular area.

The restructure of Station is even more fascinating. We have had a restructure

of turbo, scrub; I think they're running out of words, so that means they have to

lock down now. And, I'm really happy to see that; but there is one on the fore-

front out there.

Iliketowatch The Weather Channel. You know, theweatherchanges every

day;and Space Stationissortoflikethat.The latestisa 90-dayOrbiterwe're

goingtoreconsider- itwas consideredinthepast,and it'sbeingbrought up

again.So,inlightofeverythingyou'regoingtohear,there'ssomething I'mnot

goingtotalkabout.That isthis90-dayOrbiterProgram, which I'llhighlightin

partwhere itwould stopus inthedevelopmentofStationforawhile.But with

thataside,let'stakea lookatthehandouts (FIGS. I, 2,and 3).Beforewe went

throughscrub,turbo,and soforth,we had thefollowinglayout:There was afirst

elementlaunchinMarch of1995.Now, I'mtoooldforthisprogram becauseIre-

member when firstelementlaunchwas in1993. And,Ihadslidesthatsaidthe

wholeStationwas goingtobeup inthe early1990s.Itisrefreshingtoseethat

firstelementlaunchintheprogram says,We've gottogetitoffthe ground;

we'vegottogo forward,solet'snotmove thatdate";and thathas remained the

same. One ofthesubtleties,however,isthatthecomplexityofwhat firstelement

launchwillbe has been downsized.Back intheoldprogram,we went towhat

was known asman tendedand,inthisparticularphase,therewas goingtobe

a shortperiodoftime inwhich you seeus goingtopermanent manned - itreally

4
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was aboutayear inlength- and therewas no major human activityon board.

Therefore,inthe oldprogram we consideredtheHealthMaintenance Facility,

crew healthcaresystems,would come on board atPMC, and that'sfine.There

was no particularproblemwith that.Itfinallywould end inaboutmid-1999 with

theassembly complete.Thisiswhere we would havea fullcrew compliment of

up toeightpersonnel.What has infacthappened isthey'vescrubbeddown the

man-tended phase. They'vekeptitabout thesame - maybe a 6-month sliphere

- and,inthisconfiguration,theywere goingtostaylikethisforabout3 years

now (notIyear).To getbetterdetailinterms ofhow they'rebuildingitup,going

fromfirstelement launchup toman-tended launchesarecalledmissionbuilds.

There aresixofthem togetyou intothisconfiguration.

As we discusshyperbaricsovertodayand tomorrow,we aremore interested

inmissionbuild7. MB7 bringsup theairlock,and I'veadded a coupleofextra

photosatthe back end ofthehandout thatshow you thelayoutofwhat itwill

looklikeatMB7 withoutthetrussnetwork (FIGS.12 and 13).Inthisconfigura-

tioninman tended,therewillbeone lab- itwillbe calleda "lablet."Ihad to

changethename becauseit'snotthe same sizeanymore, sothey'renot"HABs"

and "labs."They're"lablets"and "HABlets,"and you taketwo tomake one and

soforth.You have one labletand you have a node,and you willhave theairlock

atMB7. Because you'restayinginthisphase for3years,we made apush to

bringon aspectsofcrew healthsystems,environmentalhealth,and theHealth

Maintenance Facility,and tobringthem up from man tended.I'llhighlightsome

ofthatequipment. So,that'sa bigchange forus. We'regoingtophase inmedical

care,something thatwas notreallybelievedinback in1987and earlierpro-

grams. We feltthenthatitwas ahouse ofcards:"Putitallup,ornothing"and

..j
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make sure of what we're doing there. Regarding the permanent manned

capability: Here again, it looks like the old PMC. It's not as big, and I'm going

to show you the differences between the two PMCs. You'll notice one other thing:

there's no "assembly complete" anymore. It's now called "post-PMC," and that

means, when it goes off the vugraph, there's no funding for it. I'm going to show

you what we lost in that.

[Break in tape.]

LLOYD: A comparison at PMC is very helpful because it tends to tell us what we're up

against medically. To go from MB1 through MB6, I should make a note that

you're doing up to two to three 2-person EVAs per mission build. And, those are

planned. So, you've got a fair amount of EVAs, you've got a fair amount of con-

struction, and you will be doing your laboratory activities at MTC. So, that's the

workload and the characteristic of what happens in that earlier phase. When you

look back to the PMC aspect, what in fact has happened is that we've shortened

the truss network, although I'm not sure what that means to us. The number of

assemblies is reduced slightly. As I mentioned, they went from naming of'HABs"

and 9abs" to "HABlets" and _lablets" because they've been reduced from 13.41 m

(44 ft) down to about 8.23 m (27 ft). And, the reason they did that was so they

could integrate them on the ground and bring them up loaded. That is a good

thing. There is a major concern about what we were going to do with a lot of

onloaded construction in assembly on the internal aspects. We reduced the

number of nodes by two. We reduced the cupolas, which were the large obser-

vation viewing ports, from two to one; maybe you'll have access to go into one
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ofthosewhen you gooverand tourthesite.You can seeabout50 to60 m away

from the Stationfordockingpurposes.

The internationalpartnersare stillwith us.That isa strainedrelationshipby

farbecausewe'rechangingour program: nottotheirlikinginmany cases.We

reducedourassembly flights;we'vereducedour crew size,froma possibilityof

eightdown tofourcrew members. That'sprobablygoing tohurtour internation-

alsmore thanitwillhurtus,becausethere'salways a percentageofactivityin-

volvedwiththeproductionon theStation.And, thepower'sdown. That isalsoa

disadvantagetous because,fortheinvestigatorsand usersinsidethatStation,

power iscritical,and we'renot thefirstonesas investigatorstogetpower. We're

actually,infact,the/z_stonestogetit.And, ifyou watched any portionofthe

Space LifeSciences(SLS-1)missionlastJune, when itwas inflighttheyhad to

be veryconcernedabouttheamount ofpower usedortheywere goingtodo ab-

solutelynothingon theirlastday. So,there'salways a concernoverconserving

thatpower tocontinueactivities.

Here,you have thelablet,orLab A, and the node(FIG.3).You probablydo not

getagoodappreciationfromthatviewthatyou have thereofwhere the airlock

would connect.ThisisMB6. MB7 iswhen theairlockcomes up. Itoldyou that

medicalhardware was goingtobephased in,and IthinkMike and otherpersonnel

may come backand talka littlebitmore abouttheactualhardware itself.This

aspectrm excitedaboutbecausethisbringsushelpintheprogram. Itdoesn't

push usout.And, IthinkthatIhave alargecrew ofpeoplethataregettingtiredof

writingrequirementsand notseeingsomethingcome forit.Inthephase program

- ifyou may, bearwithme - itwillbemore ofa get-and-go.It'san expanded

J
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Shuttle Orbiter Medical System (SOMS) kit. But it's much finer than a SOMS

kit ever thought of being. I don't say that with malice to the Shuttle Orbiter

Medical System; it was designed to do a job and it has done it. But, it was

designed to support ambulatory care, limited duration stay, and first start

(meaning "injection of medications and bring them home").

In this particular program, one of the components is the advanced life support

pack that can be redesigned for PMC (FIG. 4). It will be recomfigured on the in-

ternal aspects so that it's user friendly and so that we, as medical personnel, can

change it as much as we do the SOMS kit. In the Edge are your physician's in-

struments, some startup fluids such as you might have on an emergency medical

truck for t'n'st response. We're going to bring up a defibrillator - the Lifepack-10

is the design unit - and a ventilator. We have switched from the Siemens, along

with other very advanced ventilators, back to the minitransport ventilators

(possibly a Bird or one of the other little ones that are again fairly simplistic to

use; they're pneumatic in nature). You notice that we reduce our power, reduce

our weight and volume, and so forth, which are all critical.

I've had a heck ofan education. I worked ICUs for 3 or 4 years, but then I had a

fair number of intensivists and other people come to me and I would say, "Well, if

I had some extra space, what do you want up there?" "How about ifI have a little

enlarged space? Fluids!" It became very clear what was needed if we were going

to do a first response, because we'd like to have as much fluids as we could feasi-

bly get. We brought up 1 ft 3- that's about 12 L; the ALS pack has 2 L more.
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Thecrew medical restraint is a system for MTC. It's folded very nicely. It prob-

ably could go across the front end of the windshield of your car. He'll show that to

you. It is an incredibly different design from what we flew on SLS-1. There may

be some stories that can be told; it's not preplanned to talk about medical restraint.

I know for sure that Mike Barratt's got a heck of a lot of stories about what hap-

pened with the other restraint system.

Portable oxygen supply: This is not to support the patient for the entire duration

of medical care at MTC. It is simply to move the individual from point A to point

B; that's it. So, we're going to look for other sources of oxygen in the event that

we need to ventilate our patients. Other aspects are what you folks are going to

talk about: it's the hyperbaric airlock rack and the built-in breathing (BIB) mask

system (I think there's a new name; Mike Stolle tells me all these new names and

I keep forgetting them). But, that has not changed; it just appears in MB7. As

you tour through the mockup here, it will be important for everyone to get a feel

for the change of where HMF will be during our medical activities. We're not in

the HAB module anymore, and I can't remember if that had happened the last

time you were here. Once we had moved to the node (FIG. 5), a couple of things

happened. Number one, we did that because our prime contractor owns the nodes

and we have better control of it over here at JSC. And that's, quite frankly, an

important step for us. The other aspect is: There is enough pressure to move us

out of the HAB module from the astronaut corps, who didn't feel they wanted us

between the living quarters and the galley. It would make a fairly cluttered

area, and I think, if you folks get an opportunity to ever see one of the simula-

tions happen - Smith Johnston is in charge of our simulations - you will see that

it gets to be fairly busy and we really tie up that area.
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It's a fairly interesting environment to perform simulations in. The MRS that

they will show you- the medical restraint system - is laid out here, showing how

you'd have restraint over the body itself. It's a pliable type of material, but I'm

not going to get into that to any great extent. It has restraint systems that Mike

is very proficient at talking about to restrain the medical officer, your patient,

and your equipment. It lays out on any one of the surfaces; all that is in a stowed

configuration right here, right along the upper portion along the side wall. And

predominantly at man tended, it's environmental health monitoring equipment;

it's not medical equipment.

The essence of what is going to happen at MTC, as I said then: _fyou have a

major medical event, you activate the HMF. All other medical activities for

13-day missions with crew sizes up to eight - if you come up in the Orbiter, and

the same going home - would be your headaches, coughs, other aches and pains,

with treatment out of the SOMS kit. You do not activate HMF at man tended

unless a major medical situation has occurred; you stabilize the patient, wher-

ever they are. You can bring them back to the node if you feel that is the appro-

priate thing to do, or you can move them straight on out to the Orbiter. You can

stabilize them there, get them ready for the trip home, and they come home. The

contingency scenario is 24 hours from start to finish. That's all we have for that

phase.

Now back to what we're used to, and that is a permanent manned configuration

(FIG. 6). Crew size is now at four; and, as you can see, the Orbiters are parking

over here where there used to be nodes set up. Now there are just docking ports,

and you would move right into the module itself, either into the HAB or the lab -
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or HABIet, because it's half size, so the crew size is four, and that's what that

really means. So again, you can start to see how your scenarios would work.

When we get to permanent manned, what would appear here is that you would

have added on assured crew return vehicle (ACRV). It would be one of these, and

I'm going to show you that last in this presentation. But also, we wanted to ex-

pand our care and we have now determined that we'd like to maintain our patient

there for up to 3 days and then, if need be, transport. It gives us a little bit of an

added window; if there's a potential chance to pick up a Shuttle and bring them

home, we would. We would only use the ACRVs as a last resort, and that we were

in fact running out of time for convalescence on the Station. This tends to show

you what comes up, and if there's anyone who's very proficient in the room on all

the components of HMF, we miss a few here (FIG. 7). I'm really trying to focus on

the hardware aspects because the last vugraph I have here will demonstrate

what we do not have anymore.

During PMC, we now begin to do IV therapy. This is where we bring up our

pumps and formulation devices, and we make our own sterile water and solutions;

we're not depending upon packaged fluids anymore. We expand out the physi-

cian instrument care, dental care, surgical instrumentation, all independent of

Shuttle now. So, we're beginning to separate those programs simply because

there is going to be a period of time that the Orbiter would not be attached. We'll

begin to introduce our medical analytical laboratory capability - for doing stand-

ard chemistries, blood gases, and so forth. Other monitoring equipment will

come up, such as pulse oximetry for some of your advanced care of the patient

here. One thing that is missing is the patient monitor. We're going to have to
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do that through the transport monitor or the defibrillator in the monitoring mode

at this phase.

We expand out our lighting capability and imaging capability, and we bring

out the second ventilator. It'll be the same type of ventilator that we had at

man tended - it'll be the the little Omnivent or Bird transport ventilator, or

whatever. So you'll now have two; they will be identical, so it improves our

situation in terms of criticality and redundancy. We simplify the aspects in

regards to the crew member who doesn't have to train on two different types of

ventilators. Another aspect that is an advantage in this configuration: You're

there for 3 days. You're not up there for the old philosophy of 45 days for weaning

and other more complex respiratory support needs that might be necessary to

consider.

Other surgical equipment becomes more prominent at this stage. Devices such

as the cardiac compression assist device appear. Our transport capabilities im-

prove. But, interestingly enough, at man tended, we were doing it without these

items. We were transporting without that aspirator and without that monitor.

So, we're not quite sure what's going to happen to a couple of these components.

They may or may not be necessary. You're left in the program to allow us some

freedom as we begin to activate the hardware built. If we feel there are some

changes that are necessary, it would be this type of equipment that might be

attacked. And, the crew medical restraint system will be expanded or improved.

It may not be flat anymore; it may be up in the air. So, you have more ofa one-g

access. Yes?

19



DR. R. W.

HAMILTON: Excuse me. Isthis imaging system an X ray?

LLOYD: No.

HAMILTON: Or, isitguided?

LLOYD: That'sa good point. No, Bill,that'sthe macroscopic imaging system; it'svideo. It

issimply to hook up and give you a visual linkofwhat you would be doing as the

crew medical officerin support ofthe Space Station Control Center where flight

surgeons are on console.

At thisphase ofthe program, HMF looks something likethis(FIG.8): It'sone

single,double rack that's13.41 m 3(44 ft3)ofspace. Predominantly, itwould

carry stowage on one sideand more ofyour instrumentation may be on the other

side.Your interfacesforpower and so forthwillbe up eitherat the bottom ofa

rack orbelow the rack or however the engineering aspects have been offeredto

us. In these configurations- and that simulation scene has come back - you take

a lookat,ifyou had todo a particularscenario,what are the issuesthat we need

toworry about? Are we gettingtubes and wiring allmixed up around our patient?

Do we have good access? And soforth. And, allthat has been going on as they

continue todevelop these layouts.

Ishould say, through any and allofthe development ofhardware over the next 5

or 6 years,weql mount a certificationteam working inharmony with the medical

simulations team and the operation personnel - which isreallybeginning now to
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expand under Kyle Brantley'sgroup.Those threegroupsaregoingtowork in

harmony interms ofsaying,thehardware isvery similartowhat we useinthe

terrestrialsetting,and thatwe have a goodmedicalconfidencethat'sgoingto

operateinthe same fashion,thesame levelofreliability;thatitislaidouthuman

factorswise,themedical human factorsaspects,and thatitisappropriatethe

way it'sbeen setup. The operationsteam willbegintoreallypulland consider

what isneeded and what stepsarerequiredtoperform any one step.

Figure9shows thehardware and system lossestothePMC program, which

willhopefullyre-emerge aspost-PMC phase additions.Regarding theX-ray

machine: Diagnosticradiologicimaging system,theinfamous DRIS, thathas

livedwithus sincethemid-1980shas been puton theshelfforthepost-PMC era.

That doesn'tmake me happy. Ido notlikelosinghardware,but noone asked me

illhad arealopinionon that.Everyone was scrubbed.I'mnottheonlyone that

was reduced;environmental health,exercise,your datamanagement systems,

yourpower,everybody gothit.So,thattendstomake me feela littlebitbetter,

inthatmiserylovescompany. Losingmy X-ray systemwas one ofthoseitems.

We gave up one oftheIV pump systemssincethepump systemswe'reusinghave

two heads,two pairsofsupplementalheadson them already.We gave thisup

justbecauseofsome redundancy problem withouthavingthetwo units.We've

givenup some ofour air-fluidseparatingcapability.With theinvasivenessand

typesofthingswe might be doingwithour patient,we filltheuse withmechan-

icaland transportaspirators.But,theactualcomplexityofbeingabletotake

fluid,separateitoutfrom theair,and recycleorsomethingisbeingshelved.
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The patient monitor was another major loss to us: a very large box, but it tends

to have a fair amount of software and capabilities to configure your transport

monitor into the proper setting. That was the problem. As it is now, we have to

somehow get our transport monitor configured by another computer system to do

what we wanted to do.

Another desireditemthatwas lostisa computer system formedicalcare.It

has notbeenbaselined.We're fightingveryhard tobringthatcomponent back.

We do notfeelthatwe can takea crew medicalofficerup therewithoutoptimal

resources.Even ifhe was a physician,surgeon,orsoforth,Ithinkthey would

want some medicalsupportinterms ofcomputers.At leastinterms ofdatafiles,

library,and soforth.Our chancesofhavingMDs flyingon thatareprobably

minimal untilwe getfurtheralongintheprogram, sowe'regoingtohave EMT-

levelpersonnel.Ithinkwe need toprovidethem with thebestsupportthatwe

can.The computer systemhopefullywillcome back and reappearon thatother

list.Other typesofequipment thatwe'velost:a coagulationanalyzer,and more

advanced surgerycapabilitiesfortheoverheadcanopiesand abilitiestocontain

theenvironmentitself.We've lostadvancednutritionalcare,and we dropped the

electronicstethoscope.We assume thatthecrew medicalofficersareon theirown.

A whole seriesofequipment was deletedrighton down toverysmallthingsthat

arecritical,suchasperipheralnervestimulators.Some ofthesethingsmay come

back. They tendtobe likethetide;theysortofshiftbackand forth.

Actually,oneofthemost excitingthings-I thinkthelasttimeyou folkswere

here,atleastforthehyperbaricconference,isthe ACRVs (FIGS. I0and 11).They

didn'texistoritwas a dream. Ihave almostlostmy thunder,becauseIreally
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want to say, "Here it is; it's going to be with us," and we do have that capability

to come home for either crews of four or eight. We may not, if the 90-day Orbiter

system goes up. It may freeze this earlier than PMC in the development. That

won't hurt us, maybe, in some aspects of the medical care that might be there.

We do not know; it's been undefined. And for sure, they would not bring up the

ACRV because they would have the Orbiter attached. The ACRV looks very

much like an Apollo capsule - only a little newer in its design - and would be

attached to the Station. There would be one at PMC, and there would be two at

the post-PMC configuration. With the crew of eight, we'd need two of them; they

are designed to carry four people. In the event that they needed to utilize that

vehicle to bring home an injured or ill crew member, they may all come home. It

may be a policy that, once the ACRV is gone, you have to evacuate the Station.

There is no other way off, so we may bring the whole crew back.

Because CHeCS and HMF were fairly well developed by the time the era of

the ACRV began, they are coming to us and looking at what our needs are for

bringing ill or injured crew members home. So, one of the couches will be properly

designed to take a crew member that is ill; also as a consideration, they may have

C-spine or other injuries that would require them to stay very fiat in the config-

uration. We'd load them in; we've gone through the scenarios - egress and

ingress, and this thing would be released from the Station, would reenter the

atmosphere like the old Apollo capsules, and would land with chutes. And, I

always keep asking, "People, will it be a water landing, or will it be a dry land-

ing?" They say, "Well, Chuck,just go get that photo and it tells you." I went and

looked at this photo. You can probably see it better on yours. It's a swamp! So I

guess it's either a water or a dry landing. You know, it's a little bit of both.
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They'lllandsomewhere, and we would pickthem up and bringthem home.

There areofcoursetheadded concernswe have thereoftheg-loadsthatmight

beinflictedupon yourillorinjuredcrew member.

So with that,IthinkinveryshortorderI'mtellingyou thatwe have a major

change inour programs,thatwe have survivedabig,bigrestructuringprogram.

We have takenour lossesof14 to19components ofhardware thathave now gone

by the wayside,and Ideclarethat,simplybecausepost-PMC, when Iseemoney,

maybe lqlseethem come back. Our durationofcareisveryfarfrom what Dr.

John Schulz- who was oneof'theearlyfolkson theHMF group- isusedto;this

was a 45-daycarescenario;thatisnotinthewings.Maybe it'llcome up inlater

programs. Ido notthinkthatwe have attemptedtochange some oftheimpor-

tantaspects,though.Ithinkwe willcontinuetobringup hardware that'snever

been therebeforeand determinethatwe can domedicalcare- advanced medical

care- inamicrogravityenvironment and inveryclosequarters.Hopefully,we

willnot have any majoreventsinthedurationofour careforthe safetyofour

crews.But ifwe do,Ithinkthatwe can stillsuccessfullydo an excellentjobin

prodding what isnecessary.Ionceagainam gladtosee eachand everyone of

you here,and Ihope thatwe come away withsome importantcomments inre-

gardstothehyperbariccapability.Thank you.
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Space Station Freedom Man-Tended Capability (MTC) Phase

Medical Hardware Review

BARRATT: This will be a bit of a show-and-tell session about the man-tended capability

hardware. I think it's pretty clear that the Station is planned to be an evolving

facility, and the medical care facility is to evolve along with it- our capabilities

are to advance as we get more crew members, more power, and more sophistica-

tion. I won't talk about the 90-day Orbiter plan with the exception that, it may

very strongly drive our medical hardware. We may be stuck or suspended in an

MTC capability for an extended period of time - that being the philosophy of

load and go. We would not be maintaining patients who are critically ill, for

instance, on station for the 3 days of PMC or the 10 days of EMCC that was

previously planned. So with that in mind, we would maintain the ability to

deliver acute care, ACLS, etc., and maintain that for an extended number of

crew members but also for an extended amount of time.

Now, the hardware. For the committee members, Ithink you've got some

descriptionsofthat inthe JSC-31013 requirements document. The medical

restraintsystem, which you've seen some picturesofthat Dr. Lloyd mentioned,

issomething that isvery much in the development stage rightnow. Everybody

recognizes the need forthe restraintsystem toput the patient,the CMO (the

chiefmedical officer),and the equipment inthe same inertialreference frame.

We can do no useful CPR, forinstance,unless the patientistacked down - quite

securely,quite quickly. And also,thiswould be a transport vehicle.We need to

transport the patientand equipment, again together;and, as such, weql have to

interfacewith whatever vehiclebrings the person home- the Orbiter orthe
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ACRV. ThisisthecurrentgenerationMRS. The nextone ison the drawing board.

Thisistobe a rapidlydeployablesystem thatcan be rapidlydestowedand attach-

ed toseattrackson the floorofthenode atpredeterminedpositions.

Now again,we'retotallydriveninour medicalrequirementsby the abilitytore-

strainquicklyand thoroughly.We've done severalsimulations- Imentioned Dr.

Johnstonisour localsimulationsking-both intheone-gand zero-genvironment

inparabolicflight,againtryingtonaildown how fastwe can getthisthingde-

ployedand how fastwe can geta patientoran ACLS mannequin ontoit.For the

purposesofStation,we have tobear inmind thatwe cannotdo CPR, we cannot

defibrillateuntila personisactuallyrestrainedon thisdevice.We'llhave a bi-

layerrestrainteventually,somethingthatwillinsulatetherestraintagainstthe

Orbiterorthenode floor.(We don'twant todelivertoomuch electricitythrough

theStation.)And, itwillalsobenecessarytohave thecrew peopleactuallyre-

strainedclearofthepatientduringdefibrillation.We willassume thatthefabric

topwould be saturatedwithbody fluidsand be a conductivesurface,and thatwill

drivetherequirements.There'sa preliminarysuggestionthat,because ofelectro-

magneticinterference,therewillbe timeperiodswhere we'llhave towaive the

requirementtodefibrillateon stationbecauseofthe sensitivityoftheavionics.

So,thereaxea lotofconsiderationsforus intryingtodesignour system and

baselineour outlook.

We've recentlydone some modificationstoACLS protocolsthatadaptthem tothe

microgravityenvironment. We didsome testson theKC-135. One ofthe things

we foundoutisthatwe need togetthisdeployedmuch more rapidly.We were

notabletoactuallygeta persondown on thisthingand administerthe first
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shock before 4 minutes orso,and that was as a resultofa well-choreographed

exercise.Again, the trainingofthe chiefmedical officerisyet robe determined

but willprobably be no greater than a paramedic level,and that may be some-

body who isan astrophysicistwho we actually take and trainrather than some-

body who's had extensive experience. So, we want a very user-friendlysystem,

something that'srapidlydeployed and actually may even be storedin the par-

tiallydeployed positionso we can whip itout and get somebody on it.

We have the standard Lifepack-i0 defibrillator,which Idid not bring up here.

Again, everything we pullout has toattach to the CMRS so itdoesn'tfloataway.

We are coming up with various systems forattachment. And, ofcourse,paddles

are not useful. We don'thave the abilitytoapply the 25 Ibs ofpressure like we

do down here, so we use adhesive pads and the paddles willbe removed from the

Lifepack-10. There willbe a data management system interface,so whatever

rhythm ismonitored on the Lifepack-10 willbe downlinked. However, I must

emphasize that we do want an absolutely autonomous capability.During lossof

signalorother breakdowns incommunication, inthe heat ofbattle,we want to

make sure that the capabilityfordelivering acute care that we have required is

totallywithin the confinesofthe Station,both personnel- and equipment-wise.

Portable oxygen supply: Again, a very transient supply,as Dr. Lloyd was men-

tioning.The idea istodeliveroxygen tothe airway, tothe endotracheal tube via

the Ambu Bag, and power the ventilator,and no longer than an hour. This will

get us intothe Orbiter,into the ACRV, orwhatever we have toget us down, and

thisisbaselined forthe man-tended capability.This, ofcourse,alsohas tobe

restrained.
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Now theventilators- I'llshow you two (youmay ormay notbefamiliarwith

these)- thetwo thatwe'vebeen testingmost recentlyascandidateventilators.

Ithinkit'ssafetosay thatour selectionprocessisabsolutelydrivenby the

hyperbaricperformanceoftheseventilators.And, thisisan issuethatwe'llbe

solicitingfeedbackfrom thecommittee members on extensivelyoverthenext

coupleofdays.The SteinGates Omnivent (bothofthesearetime-cycledpressure

ventilators)isa relativenewcomer withverylittleactualpublishedhyperbaric

dataand experience.We've had some problems inkeepingthisthingstableas

we descendtopressure.The controlinputsare extremelyfreeand closetogether;

it'sverydifficulttoadjuston theway down. It'sverylight;it'sverytransportable;

it'scapableofdeliveringtherangesthatwe requireatpressure,and we'vetested

itdown to102 fsw. But again,alotofproblems withadjustmentsand,again,

we'reconsideringa CMO and maybe an astrophysiciston theway down trying

toadjustthisventilatorand tendthepatientatthesame time.

The BirdTXP: Alsosomewhat ofanewer ventilator.Ithasa proximalsource

pressureregulator;thislittlemagic deviceisthe Phasetron,which istheactual

breathingcircuit.And it'sverylight,supposedlyverycrashresistant,and is

veryuserfriendly.Iwould saythat,asfaras adjustabilityand availabilityof

controls,thisone ismuch more amenable tothecommon user.We expect,ob-

viously,a low occurrenceofuse,and we don'texpecta highproficiencyon the

partofthepersonwho may be runningthis- and that'sa verystrongdriverin

selectingthisone. However, atthistime,itisnotcapableofdeliveringtherange

thatwe require.When we startthisthingoutwitha tidalvolume of1.5L atsea

leveland diveto80 R aswe didyesterday(Mike Stolleand myself),thedelivered

tidalvolume decreasedtothemid-200 cc's.So we have some problemshere.
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We're in contact with manufacturers of both of these, and modifications are being

looked at. Again, Bird TXP is much more user friendly but needs to expand to

cover the range; Omnivent is much less user friendly, or what I would consider

user hostile, but is capable of delivering the range.

The last bit of hardware at this point is the Ohmeda Respiratory flowmeter,

which is a modified version of what's often seen in the anesthesia machines, in

the anesthesia circuits. It's a very nice little flowmeter, and we've had very good

success with this one. There are minor exceptions. It's very amenable to data

management system interface; it's got a port in the back, and we just have to

modify the signal input. It's capable of quickly giving us tidal volume and minute

volume, and also has the added capability of pulmonary function tests. The pul-

monary function test equipment for spirometry for investigation purposes has

been removed and this may give us some capability to do some investigations

as well. So, this is our hardware. I'll take some questions, and then I'd like

people to come up and take a look at it. John?

DR. JOHN

SCHULZ: How about pulse oximetry?

BARRATT: Pulse oximetry was not actuallybaselined forMTC. That would go on the trans-

port monitor with us intothe chamber eventually,during PMC.

SCHULZ: Aren't they adding, at the most, rescue squad oximetry?
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BARRATT: Apparently, pulse oximetry and end tidalCO_ are showing up more and more

commonly in rescue squads and transport scenarios. So, the answer is,Yes. "Do

we have it?"No. There'llbe a lotofpresumptive treatment decisions up there.

The skillofthe CMO isgoing tobe paramount. We've taken upon ourselves to

definethe capability first:The capability istodeliveradvanced cardiac lifesup-

port. Of course,from that we have tomatch the hardware and the capabilityof

the CMO. So,our hardware selectionisgoing on parallelwith our plans, our form-

ulationsfortraining the CMO todeliver the required capability.This entailslots

ofsimulations,lotsofhardware evaluations.

DR. ALFRED

BOVE: Ifwe have tomeasure blood pressure?

BARRATT: I'm sorry.The blood pressure cuffis inthe ALS pack.

This isthe ALS pack or advanced lifesupport pack. This contains almost every-

thing you would need torun your standard code. This issimilar towhat the para-

medic might have in the field.Everything issubpackaged, such as the emergency

drug kit.Everything can be destowed and restowed quickly. And, inour simu-

lations,we found out that it'sreallyin the CMO's best interestwhen he pulls

something out to actually take the time and put itback, fortwo reasons: there's

a lotoftrash floatingaround, as you allknow, from a cardiac arrest. There'sjust

a lotoftrash generated on the floor,on the bed, needles stuck everywhere. Inour

case,they'dfloataway, they'dfloataround. SO, it'sworth the time torestow it.

Second, you may need itlater.
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The airway kitcontainsallairways,nasaland endotrachealintubationsets.

Everythingisherethatyou would need toestablishan airway.The one thing

thatIwould mention thatthesimulationshave shown us: It'smuch easierto

establishan airwaythantostartan IV. IVs involvea lotofsubpackage com-

ponents,lotsoftrash,a lotofhand motions.We're tryingtodesigna new system

thatwillgiveus more rapidIV access.But,theendotrachealtubeand airway

management isreallyemphasized.Itgivesus a routeofdrug deliveryand our

protocolshave changed somewhat accordingly.So,theairwaykitwillcome out

veryquicklyand,hopefully,willbe restowedveryquickly.

There are also tracheostomy kits in here. IV fluids: Again, lots of small compo-

nents to have to put together. We're working on a system that would come out as

a unit that would include a non-patent system incorporating the fluid bag, the

angiocath, some kind of pressure delivery system that would double as a tourn-

iquet, and attachment systems. Essentially a quick, anicubital access that we

could leave in there and establish a firmer IV at a later time period. Other equip-

ment ishere:bloodpressurecuff,stethoscope,scissors.

One oftheotherthingsthatwe have determinedafterrunningour codeisthat

verysmallthingsinthepackthatsmooth outour process- suchas placementof

thestethoscope- mattera greatdeal.Sincewe'reemphasizingthe airwaykit,

we'llprobablybe moving thestethoscopetotheairwaykitsowe can checkplace-

ment quickly.Alltheselittlethingsinfluenceour designand constructionof

thesepacks.The currentgeneration,Ithink,isveryeffective.We were ableto

demonstratethatACLS couldbe deliveredwiththiskit.However, some ofthe

littlechanges - likemoving thestethoscope,likethe new IV-accesskit- Ithink
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will smooth out our process a great deal. We have a collar. Part of the ACLS

protocols that we developed (by the way, we call them SCLS protocols for "space

cardiac life support") suggested - and also as a result of working group meetings

- that spinal stabilization may not be necessary. We've determined that, unless

there's known or suspected cervical spinal trauma, we wouldn't go out of our way

to put a collar on. It's a little bit more difficult, it's overhead to your timeline, and

there are other ways that we can stabilize the spine; for instance, getting down

on the medical restraint and using the head restraint. The main thrust would be

for airway management and for keeping the endotracheal tube from slipping

along. But for actual spinal stabilization, generally the cervical spinal injuries

result from gravitational forces, which we won't have up there. That's one little

change.

Manual pulmonary resuscitator: This probably looks familiar. A pressure

delivery IV device that will, of course, make up for the fact that we won't have

gravitational flow on our IV sets. At this point for MTC, we won't have metered

flow. It will just be fluid bolusing and maintaining a line for drug delivery. We

have assorted bandages, rolls, fixative devices, and gloves. There is a small

hypobaric treatment kit, primary assessment kit with Afrin,etc., that the CMO

would have at ready in the chamber. I should mention that the capability for

advanced life support is baselined for the chamber as well. So, everything here

should also work and go into the chamber. The very idea of a single CMO doing

all of this in a chamber during a treatment dive boggles the mind, but we've

made that requirement. And certainly, the scenario might be more likely that

the patient would be stabilized first at the HMF if that patient were critical.

Although you want to start treatment as soon as possible, they would hopefully
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have the appropriate orifices tubed and catheterized before ingress into the air-

lock for treatment. That would become a complex management situation, a

complex assembly situation, for the CMO.

SCHULZ: What else is in the kit?

BARRATT: An otoscope, what we call the drit wheels for neurologic assessment, and a pin.

HAMILTON: Is the pack going to be opened on a day-to-day basis, between Band-Aids on

minor cuts and bruises and listening to a chest for something, or is there another

set of equipment?

BARRATT: Well, at MTC, the SOMS kit will be there also. And, for a lot of the day-to-day

things - correct me if I'm wrong, John - the SOMS kit would probably be utilized.

We would try not to crack the pack for the very routine things. But, many of

these things we wouldn't necessarily use during an ACLS scenario. There are

lots of pads, four-by-fours, and bandages in here. And, since there are not a lot

of alternatives up there, I can imagine that this would be available.

HAMILTON: Are there fluids in the kit?

BARP,.ATT: We will have 2 L of fluids. There's 1 L here; there is another one that should be

going in here.

Bovg: Is that a pneumatically powered device?
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BARRATr: Yes, itis.Again, we don'thave metered flow delivery at thispoint.

BOVE: Isn'tthat available now?

BARRATT: There are metered devices that,ifyou keep the pressure up, that'strue. We won't

have the pump delivery.

HAMILTON: Right. But, you'll have a way of controlling the drip.

BARRATT: Right. We don't have a drip,ofcourse,as long as we keep the head ofpressure

there. Itwon't be an unattended delivery. The pressure goes down, you need

topump "itup sothat itmaintains positivepressure on the orifice.

HAMILTON: Well isn'tthisdone also with clipsthat put pressure on the bag?

BARRA_r: Not tomy knowledge. As faxas Iknow, the pressure on the bag ispneumatically

supplied.

HAMILTON: I know that. Another approach tothe clipisspring tension on the bag.

BARRATT: Maybe.

HAMILTON: The HBO people know about them for the monoplace insmall chambers because

they can'thang anything up. They have gravity,but they don'thave the space.

So, they justthrow iton the patient'schest.
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MIKE

STOLLE:

I don't know ff that had been considered for a recent pack.

We have considered this system because any metered flow device is bulky and

heavy and cannot be contained in a small area.

BARRATT: The drug kit is the final subcomponent. Essentially everything that you would

have during a normal ACLS protocol down here: atropine, epinephrine, etc. And

again, we've emphasized in our recent drills endotracheal delivery of whatever

drugs are amenable to that, but rapid IV access is one of the main things we're

looking at right now. There is a suction device - a manually powered suction de-

vice - that we normally place here that is MIA right now; nobody knows where it

is. That's another thing actually that we need to work on a little bit there. There

is a suction device being developed for PMC by the Umqua Corporation that

maintains its suction continuously. With this device, the Vevac, you pull, you

get suction during the pull; at the maximum pull, the suction stops. And, we've

had some problems with that. So, that may be another area that we want to

improve for the ALS pack.

LLOYD: And, there will be a Lifepack-10 that goes with this thing.

BARRATr: Yes. I'm sorry; I didn't bring the Lifepack-10 up, but the Lifepack-10 is our base-

line system right now. I'm certainly welcoming any feedback or suggestions that

may go with the ALS pack.
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AirlockOrientationand RestructuringChanges

BARRATT: Iwould liketointroduceMiss Courtney Buck. Courtney isone oftheleadengi-

neersinthe airlockoutfittingworldfrom McDonnell Douglas inHuntington

Beach,California.She willelaborateon thespecificaspectsofairlockdesign

afterrestructuring.

COURTNEY

BUCK: Good morning. I'dliketogiveyou a generaloverviewoftheairlockon Space

Station.There aresome ofyou inherethatknow quitea bitabouttheairlock

and othersthatmy notbeasfamiliar.So,what you'vegottenalreadythis

morning isa goodbackgroundas towhere theairlockfitsintotheStationand

some ofthemedicalequipment thatwillbe usedinconjunctionwithour hyper-

barictreatments.I'dliketogiveyou a generaloverviewoftheairlock.We'lltalk

a littlebitabouttherequirementsthatwe work toindesigningthechamber: our

equipment lock,ourcrew lock,theCHeCS medicalequipment thatwe'dexpectto

use intheeventofa hyperbarictreatment,alittlebitabout the hatchesinour

airlock,and afew detailson constructionand schedule.

-j

As Dr.Lloyd mentioned,theairlockisan elementthatwillbe launchedon MB7

and locatedon thezenithportofnode 2 onorbit.!have a vugraph hereofthat

location;but Inoticedthat,inDr. Lloyd'spackage,he had a prettygoodpicture

ofMB7 and exactlywhere theairlockislocated,and you may want toreferto

that.Our airlockhas twochambers: there'san equipment lock,which isthe

largerofthetwo chambers,and acrew lock.The crew lockactsasthehyperbaric

chamber.
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We provide capabilityfor transfer ofcrew and equipment between the Station

and space;that isreallyour primary objectiveas an airlock. We alsoprovide

additional stowage forEMUs, which are the extravehicular mobility unitsor the

space suits,and we have the means to stow those spares and also toprovide ser-

vicing and performance capabilitieson the EMUs. We provide atmosphere con-

troland volume tosupport campout pre-breathe period,which issomething I

think we'llbe talkinga littlebitmore about tomorrow.

As Imentioned, the crew lock serves as the hyperbaric chamber. Inthe hyper-

barics world, the requirements that we work toare out ofa document that we re-

ferto asJSC-31013, Rev. C. Right out ofthe requirements, we need tobe capable

of"treatingthe whole range ofdecompression sickness problems inone patient

attended by a second crew member." As you can see,when we are atman-tended

capabilitywe have four crew members on board. We don'thave a whole lotof

hands. When we're down one crew member, who's the patient,we put an at-

tendant inthe chamber with the patient,we have another attendant outside,

and that takes up three ofyour crew members right there. So interms ofopera-

tionalprocedures, there are some interestingissuesthere.

Our chamber currentlygoes up to2.8 ATA. For those ofyou who were at the last

ad hoc committee meeting, atthat time we were designing a chamber that actu-

ally went up to 6 ATA. That requirement has changed; now we provide pressure

up to2.8 ATA. Full medical treatment capabilitiesare provided by the CHeCS

medical transport equipment, which was described a littleearlier.The hatch be-

tween the equipment lock and the crew lockhas windows whereby we can have

some indirectviewing by the macroscopic imaging camera or another portable
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camera and directdewing, aswell,by thecrew members. We alsohave the

means forcommunication between theattendants,thepatient,and theground.

Our equipment lock,asImentioned,isthelargerofthetwo chambers. It's

approximately289.56m s(950fts).There areeightarticulatingracksinthere,

two on each surface.Justtogiveyou an ideaofsome ofthethingsthatareinthe

equipment lock:For hyperbarics,one oftheimportantones isthehyperbaricgas

and pressurizationcontrolassembly.Thisisouratmosphere controlforthe cham-

ber.Other equipment thatisstowedintheequipment lockincludesa medical

pass-throughlockand thehyperbarictreatmentmask assemblies,which,during

treatment,willbe takenoutoftheirstowageand thrown intothechamber. The

EMUs and sparesarestowedintheequipment lock,asare theserviceand per-

formance checkoutunitand some ofour distributedsystems- thedatamanage-

ment system,an electricalpower system,communications and tracking,etc.On

therightside,asyou'dbe lookingfrom the node,willbe the locationoftheEMUs

on theSPCU, which istheserviceand performancecheckout unit(FIG.14).

Again,thecrew lockwillactasthechamber. On theleftside(FIG.15),viewed

from thenode,you willgeta betterview oftherackand thecrew lock;there's

onlyone rack.

The secondarycamera locationon theIV hatchintheequipment lock(EL)is

importantforhyperbarics;thatwillgiveus ourindirectviewing throughthe

hatch.On theleftsideismore ofwhat isimportantinterms ofhyperbarics.The

EL 2rack,alsoknown asourhyperbaricsupportrack(FIG.16),contains- as I

mentioned before- theHGPCA, which isour atmosphericcontrol.Near the

HGPCA, we have locatedan ATU, and that'san audioterminalunitfor
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communications. There isa cautionand warning panel up thereand aplacefor

logsand treatmenttables.There isstowagebeneath- stowageforthe masks and

forthemedicalpass-through.

In thecrew lock,thereisone rack;thespaceinthisrackistakenup by what we

refertoasHECA, orthehyperbaricenvironmentalcontrolassembly.And, this

controlstheCO sand temperatureand humidityinthechamber. Dan Schimenti

from Lockheed ishere thismorning togiveusa littlebitbetterdetailon the

HECA. A sectiontotherightoftheHECA rackisforumbilicalinterfaceswith

the spacesuits.There'sanotherATU locatedinthechamber here,and thismay

be moved inthenear future.

The diagram (FIG.15)shows where oneofthe attendantswillbe stationedduring

the entirelengthofthetreatment,atthisrackintheEL. It'slocatedjustadja-

centtothechamber sothatitwould providethisattendantwiththe capabilityto

view intothechamber whilealsohavingcontrolhereofthechamber. Again,this

istheHGPCA. We've gota primary and redundantunit.Treatment profilesand

logsheetsareincloseproximity.Ishouldnotealsothatwe'renow usingtreatment

profilelogsheetsand we have some dedicateddisplayson theHGPCA. We used

tohave a workstationherethathad a computer and accesstoallthe DMS infor-

mation. We no longerhave that.So,now we'vegone tosome dedicateddisplays

on theHGPCA forpertinentinformation,and thelogsheetsand treatmentpro-

filesjuston paperrighthere.We willhave accesstoalltheinformationthrough

an MPAC somewhere elseintheStation,atone ofthe workstations.
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Getting down into a little bit more detail, this diagram (FIG. 17) shows a concept

of the HGPCA display and control. We have three timers located across the top.

Located within these boundaries are your chamber controls: you've got your

pressurization control, an oxygen concentration control, and then your readouts

close by. The gas supply ON/OFF is your overall ON/OFF for the chamber. These

are depress valves and indicators showing whether it's opened or closed. We also

have a crew lock equalization valve to be used in a situation where, for some

reason, the guy can't get out of the chamber. Something's happened to the other

two crew members that are in the Station, and the crew members need to get out

of the chamber. They have a slow-bleed valve that's available to them, and that's

the only control they have available to them in the crew lock. Yes?

COL. THOMAS

WORKMAN: You show an oxygen concentration control there (FIG. 17).

BUCK: Right here.

WORKMAN: Right there. That suggests that you can make oxygen at any concentration on

there. Why bother to put that on there when we really onlyneed two concentra-

tions? Why not just a switch?

BUCK: That ks a good question; there are a couple of parts to that answer. First of all, let

me ask, when you said two concentrations, what did you mean?
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WORKMAN: Air and oxygen.

BUCK: Okay. The HGPCA issuppled by an oxygen and a nitrogen line.Those are divert-

ed within the HGPCA. We'll get oxygen and nitrogen that willget mixed for

chamber pressurization and then we'llhave oxygen and nitrogen that willget

mixed for the delivery ofbreathing airtothe masks.

WORKMAN: Will you start with pure nitrogen?

BUCK: Yes, from the source tanks.

WORKMAN: Nota_?

BUCK: Ihave a schematic Ican show you, but letme go ahead and address thisquestion

a littlefurther. We have a requirement toprovide chamber oxygen inthe con-

centration of18 to21% forthe chamber at alltimes.

WORKMAN: Why isitvariable to 100% then on the chamber controlside?

BUCK: Right. That's the question. We need to have some kind of detent here. The reason

it's variable all the way to 100% is because HGPCA will also provide oxygen for

our campout procedure. Our campout procedure is performed down at 70 kPa

(10.2 psi), and we need a 30% oxygen (or 28 to 30% oxygen) environment. And, in

order to establish that environment, we need to pressurize partially with 100%

oxygen. So, the HGPCA itself has the capability to pressurize with 100% oxygen

but, for hyperbarics, that is not used. For hyperbarics, we stay at 18 to 21%. So,
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DR. WILLIAM

NORFLEET:

thiscontrolright here willhave some kind ofdetent on it.You'llactually have to

make a push, pull,turn,some type ofdetent so you are not allowed togo out ofthe

18 to21% range.

Point ofinformation beforeyou go on. That was pointed out tothe program, the

potentialproblems with plumbing pure nitrogen, a non-respirable gas, tothis

assembly. And, the program managers reviewed that and decided that thiswas

the way togo.

-j

HAMILTON:

BUCK:

There have been hyperbaric chambers - medical ones - builtthat ran on recon-

stitutedair that came from liquidoxygen, liquidnitrogen sourcesand they

blended itas they went. Not a new idea. But, itdoes have a whole gamut of

misfortune that can await you.

Col.Workman, does that answer your question?

WORKMAN: Partially.I'm stillconcerned about it.

SPEAKER: Let me, ifImay, mention one thing. There'sanother end where you need toadd

pure nitrogen tothe chamber, and that is:ifyou get a leak ofthe mask, you can

drive the oxygen concentration in the chamber high. And, you'd have to go

through something toadjustit.Ifyou have only air to adjustit,you'd have to

use an awful lottoget itback.

WORKMAN: Where's your ventilationcontrol? Or isthere a ventilationcontrol?
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BUCK: The ventilation control is associated with HECA.

HAMILTON: He's talking about ventilation in terms of net airflow through the hyperbaric

chamber. I don't believe, from what I'm seeing here, that you're doing that.

BUCK: No. We're not.

WORKMAN: That's all in review.

BUCK: We have air that's circulated through the chamber, but not a chamber ventila-

tion system comparable to terrestrial chambers.

SPEAKER: We can make a point about that, in that there aren't enough expendables on the

Station to go to that type system.

HAMILTON: Does this chamber exchange gas with the main cabin itself?.

BUCK: No, it does not.

HAMILTON: Does it throw away gas when it's finished with it?

BUCK: Yes. It's vented overboard.

HAMILTON: That seems a little bit, well, profligate to me. But, maybe people have made

decisions that I am not aware of.
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SPEAKER;

Lou

PANZARELLA:

Well,when you do aweighttrade-off,theweightrequiredtosavethatgas versus

theprobabilityofusingitbecomes a bad trade-off.

A yearor two ago,we triedtoforceittoreusetheair,but our suppliersofthe air

- Work Package-1oftheMarshall Space FlightCenter- didnot wantany air

from thehyperbaricchamber goingback intothe Station.They didnot want

Stationpressureaffectedby hyperbarics.They thoughtitprobablywould be

easierjusttodump itoverboardthan tohave toworry about airgoingback to

theStation.

BUCK: Right.As acontingencyoperation,theydon'tlikethattoaffectnominal Station

pressureand thebalanceintheStation.

HAMILTON: Hospitalshave thesame problem withhyperbaricchambers. They don'tunder-

standthem and,therefore,they'reafraidofthem. But,ifit'saweighttrade-off

that'sbeen thoughtabout,thenthatmakes sense.

BUCK: Yes,ithas beenthoughtabout.Ithas beenaddressed.

HAMILTON: That'swhy you'resoconcernedinalltheprocedureswiththe amount ofgas

that'savailable.

BUCK: That'sused;correct.We havetobe as specificaswe possiblycan when request-

ingtheseconsumablesfrom Work Package-1.We have toask foracertain

amount ofgastobe usedinthesesituations.
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HAMILTON: Are there gas stores for the chamber, for the Space Station itself, that are separate

from these? Is this a separate gas storage bank for the HAL?

BUCK: No. It's the same as used for the Station. There are cryogenic tanks located out-

side the Station.

EDITORIAL COMMENT: EVA prebreathe oxygen is vented directly back to the cabin.

STEVE

REIMERS: You mentioned before, there are some situations where they may need to add

pure oxygen. Now, they've got to have some sort of very reliable diffusion

mechanism in the chamber when they're doing that. You don't wind up with

little pockets of oxygen?

BUCK: Yes, we do have a circulation system.

SPEAKER: Are there manual controls?

BUCK: Yes. When you say manual controls, these are the valves to pressurize, so these

are manual.

SPEAKER: The system is basically all manual.

SPEAKER: On the depressurization side, the valves are located in the crew OPS, so they are

electrically linked to the panel on depressurization so that all pressurization

valves on both the breathing gas and the chamber are manual in the panel.
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BUCK: Just to finish up the explanation, too, for the breathing gas: There's a 3-way

toggle switch here, and you're either OFF, you're supplying 100% oxygen, or

you're supplying air. This mixture control comes out of a requirement that has

us providing (I believe it's) 21 _ 2% oxygen as the air mixture.

HAMILTON: Well, to go back a little bit to the timers. I see colons (i.e., HH:MM:SS) in there,

whereas in fact it has been found with experience with diving that running

minutes, not broken down into hours, is a far better way of doing it.

BUCK: Okay.

HAMILTON:

BUCK:

Actually,we shouldbe doingthisinfortnightssothatthe time unitsarefrom the

same eraasthepressureunitsthatyou'reusing.

Okay. But again,thisisjusta conceptrightnow.

HAMILTON: Thisisasuggestionthatatleastone ofthetimersand perhaps acoupleofthem

shouldbe running minutes.

BUCK: Okay. A littlebitofinformationaboutthecrewlockorthechamber: It's1.9m

(75in.)indiameterand approximately7 m 3(250R3).Itwillwithstandpressures

from zeroto345 kPa (50psi),and sowilltheimportanthyperbaricequipment

that'slocatedinthechamber: theHECA, asImentioned,thatcontrolsCO2,

temperature,and humidity;and thebreathingmasks thatwillbe thrownin

therealongwiththeventilatorand theothermedicalequipment. We alsohave

some dedicatedpressureand timedisplaysinthechamber fortheattendant.The
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EMU umbilicals, which I pointed out before in the picture, and the depress/repress

control console. The depress/repress control console is part of the EVA operations,

so I won't be too concerned with that in this discussion.

The diagram shows more detail on the crew lock rack layout (FIG. 18). Note the

location of the HECA. There are two interfaces right here for the breathing masks.

There is a total of four ports to supply breathing gases. Two ports go back to the

primary HGPCA, and the secondary ports go back to the redundant HGPCA for

gas supply. You've got a hookup for each of your masks; you're going to have a

hookup for gas supply, gas exhaust, and the communications link. The HGPCA

display panel right here, as I mentioned, will have a timer readout, and this

timer readout will be the same; that is, it will be reading the same thing that the

attendant on the outside is reading. There's also a pressure display here; and

there will be, as I mentioned before, a valve control for them to depress the

chamber in some kind of an emergency. Normally, all the chamber functions -

depress and repress - are controlled from outside the chamber. This control

would be a last resort. The vent line coming from the bottom of the rack is where

gases are vented into space, and this is both for chamber depressurization and for

the mask exhaust. Our ATU console is part of our communications link. We've

got a grill above the rack; this duct is tied to HECA, and this is where our circula-

tion comes. The DMS power outlets are for the other CHeCS medical equipment

in the chamber to provide the appropriate interfaces.

WORKMAN: What type of check valves do you have in the vent line?

BUCK: We don't.
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STEVE

FROST: We don't.We have shutoffvalves.

BUCK: Yes, they'reisolationvalves. Actually, too,Ibelieve!misspoke. This vent lineis

forHECA, and thisisforuse during CO 2removal and water and humidity re-

moval. We have two other linesthat are similartothisone forour depress and

our BIB exhaust that aren'tshown here. And, thoseare the linesyou'd be asking

about, and they have isolationvalves as does thisone right here. Now, when the

chamber isinuse as a hyperbaric facility,we've got the medical restraintin there.

The medical restraintisattached tothe frontofthe rack, with the patient'shead

being down toward the hatch. The restofthe equipment will be configured around

the chamber. We're planning rightnow todo a one-g evaluation inthe next month

or soout inCaliforniaina mockup tofredout where tobest locateallofthisequip-

ment in the chamber. We get pressed forroom inthere,and, right now, we're not

sure what the best way isto locateallthat equipment inthe chamber forthe most

efficientoperations.

BOVE: What do you do about CO9? I noticethere'sno meter for CO 2.Isthat automatic-

allyscrubbed out?

BUCK: Yes.

BOVE: Under feedback controls?

BUCK: Yes.
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DR.BARBARA

STEGMANN: Do you have anyone breathing on the chamber, or are both your tender and your

patienton a mask?

BUCK: For oxygen, they are. Nominally, they'llbe breathing chamber air.

STEGMANN: Okay.

BUCK: But they willbreathe offa mask when they go tooxygen or inthe event that,

forsome reason, the chamber atmosphere isn'tbreathable. This you've seen this

morning already (FIG.19),but Ijustwanted togive a breakdown ofwhat is

locatedin the crew lock and what will stay inthe equipment lock. We bring, as

Imentioned, the medical restraintin for the patient. The respiratory support

pack, which isthe ventilatorand flowmeter, ALS pack, IV pumps, transport

monitor, part ofthe transport aspirator,the separation containment unit,and

pressure regulation unit are inthe chamber. The vacuum pump and power con-

trolstay inthe equipment lock.And, there'sa linkacrossthe bulkhead. There

are the hyperbaric treatment mask assemblies - which include the mask, a

microphone, and a headset. The defibrillatorstaysin the equipment lock due to

itselectronics,and the electrodesare passed through a bulkhead feed through to

the patient.

A littlebitabout our hatches (FIG.20e). There are three hatches totalin the air-

lock: one between the node and the equipment lock,one between the equipment

lock and the crew lock,and a thirdbetween the crew lockand space. The one

we're concerned about here mostly isthe IV hatch. The hatches use a pressure-
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BUCK:

(Cont'd)

assisted sealingtechnique, and our IV hatch can seal on eitherside ofthe

bulkhead because, for EVA, you want iton one side;for hyperbarics,you want it

on the other side.And, the IV hatch also has an accommodation fora medical

pass-through lock,in case you forgotsomething, or topass through food or pass

out trash,etc.And, thishatch also,as Imentioned before,has two windows: one

fordirectviewing by the crew members and the second forindirectviewing by a

camera. Just a few minor detailson construction. The airlockwillbe manufac-

tured inHuntington Beach. It'sallaluminum, and these axe the primary struc-

ture components. Isogridpatterns axe used for weight savings and strength (FIG.

20f).And, these are three ofour major milestones as they currently stand,

launched on MB7 in March of1997.

HAMILTON: Excuse me. Would thisbe designed so that the thickness and the configuration

and everything are preciselyadjusted for the pressure that it'sgoing tocontain?

You have a 345 kPa (50 psi)design pressure rather than 283 kPa (41 psi).

BUCK: Correct.

HAMILTON: But, where willbe the limiting factorsinpressure capability? Has that been

determined?

BUCK: Three hundred forty-five kPa (50 psi) is the maximum operating pressure, and

it will be optimized to the extent possible, remembering that the airlock has

several other jobs it needs to accomplish as well. There's external structure,

there's micrometeoroid and debris shields that axe placed on the outside, and

trusses that are placed on the outside to hold additional structures outside for
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EVA purposes. That bulks itup a littlebit.So likeI said,it'soptimized tothe

extentthat itcan be, but hyperbarics isnot the primary use.

HAMILTON: Today, when someone buildsa chamber, they pick a thickness ofplate that is

available,and then they form ittothe chamber. And, thatreallydictateswhat

the pressure capacity ofthat vesselis.

BUCK: Okay, Isee what you're saying.

HAMILTON: The dimensions of it plus the fixed thickness. If you can make the thickness ex-

actly what you want it to be, it can be optimized.

BUCK:

HAMILTON:

Right. In that sense, itwillbe optimized.

What I'm getting at is whether we will have a known pressure limit that might,

in fact, be higher than the 345 kPa (50 psi) design limit.

BUCK: I wouldn't think so. Primarily because they're using the 345 kPa (50 psi) as a

design limit.

HAMILTON: So the thickness willbe adjusted towhere that'soptimized?

BUCK: Correct.

NORFLEET: That'sespeciallytrue ofthe IV hatch. That's been whittled on tothe point where

345 k.Pa(50 psi)isindeed itsoptimal pressure limit.
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BUCK: Right. In fact,ithelped when we went from 6 ATA down to2.8 ATA. We did

incur a weight savings there because ofthe reduced pressure.

HAMILTON: The hatches were the big problem.

BUCK: Hatches are a big thing,yes.

FROST: Hatches are big and the wall sizefactorsin also.We went through quite a bitof

an exercise tosee ifwe couldn'tdesign a reliefvalve or see what itcoststodesign

a reliefvalve tolower the 345 kPa (50 psi)a littlebitso they could save the weight

accordingly inthe airline.

SPEAKER: Do you remember what kind ofweight savings that was? Was itbetween 6 and

2.8 ATA?

FROST: Inever heard.

NORFLEET:

BUCK:

Ican get you that information.

We have it;Idon'tremember offthe top ofmy head.

HAMILTON: Was ita lotor a littlebit?

NORFLEET: Itinvolved somewhere around 68 kg (150 Ibs)and an increase incostdue to

1000 manhours ofredesign. So, itsaved about 68 kg (150 Ibs)and costabout

1000 manhours toredesign.
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SPEAKER: Don't you like the factor of safety above that 345 kPa (50 psi)?

BUCK: The structures and strength people, I'm sure, used some factor and I don't know

what it is. Any other questions?

SPEAKER: Have you considered using thermoplastic?

BUCK: For the pressure shells?

SPEAKER: Yes.

BUCK: I couldn't answer that with a Yes or No. But, I've never heard of it.

BARRATT: Okay, thank you verymuch. We're goingtogorightintothenextpresentation.

Dan Schimentifrom Lockheed willtalkabout thehyperbaricenvironmental

controlassembly and elaborateon aspectsoftemperatureand humiditycontrol.

DAN

SCHIMENTI:

AirlockTemperature and Humidity Control:

I-lyperbaricEnvironmental ControlAssembly (HECA)

I'mgoingtogiveabriefoverviewtodayon thehyperbaricenvironmentalcontrol

assemblythat,asCourtney says,islocatedinthecrew lockand dealswithmain-

tainingthetemperature,relativehumidity,and CO 2levelwithinthe stated
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SCHIMENTI:

(Cont'd)

requirements(fig.21).Those requirementsprimarilyare:thermal control,be-

tween 18.3and 26.7°C(65and 80°F)and nottoexceed45°C (113°F)duringthe

pressurizationintervals;aCO_ partialpressurelessthanI kPa (7.6mmHg), and

nottoexceed2kPa (15mmHg) foranythingbutan exceptionalcase;relative

humiditybetween 50and 95%; and maintainingan airflowforthe crewofbe-

tween 4.6and 12.2m/rain(15and 40 fpm). Thisenvironmentalcontrolalsowill

be usedduringcampout,and thespecificrequirementsforthatarestillbeing

worked outatMcDonnell Douglas. Basicallythough,thethermal and CO 2levels

willbethesame; and we believetherelativehumidity willbe at Stationnominal

ofabout 25 to 70%.

WORKMAN: When didthespecificationsformaximum CO 2concentrationchange? Insome of

theearlierdocuments,didn'titshow about IkPa (7.6mmHg) orsomething like

that?Inearlierdocuments,therewas a lowervalue.

SCHIMENTI: It's been zero to 1 kPa (7.6 mmHg} nominally, and then a 2 kPa (15 mmHg)

maximum.

WORKMAN: And, that'sa surfaceequivalentofwhat? About 2%?

HAMILTON: Well,IkPa (7.6mmHg) isI%.

WORKMAN: No, the 2 kPa max. That's a surface equivalent of about 2%.

SPEAKER: What istheunitofairflowcontrol?Isitcubicfeetperminute orisitvelocity?
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SCHIMENTI: That's a requirement right out of JSC-31013, and it's a velocity measurement.

We are translating that into cubic feet of volumetric flow for circulation within

the crew lock.

SPEAKER: Where isthat in the JSC document?

SCHIMENTI: That is in JSC-31013, Para. 2512, Part 3, Rev. C.

SPEAKER: Well, that'sa number that was generated back during Skylab. It'sforcomfort.

It'sventilation;it'svelocityover the volume.

HAMILTON: That's been determined to be effective?

SPEAKER: Yes. [fit'slessthan 4.6 rn/min (15 fpm), you think you'reina closed-up closet.

SPEAKER: Isthisthe time toask about camping out? Are we going totalk about that here?

SCHIMENTI: I'm perfectlywillingtoaddress ithere. Idon'treallyhave a presentation.

SPEAKER: I'm wondering what you mean by campout at thispoint.

SCHIMENTI: We are currently baselining a campout scenario fora minimum of8 hours in the

airlockat70.1 kPa (10.2psi).

SPEAKER: By aixlock,you mean the crew lock.
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SCHIMENTI: I mean the entire equipment lock and the crew lock together will be completely

open. The IV hatch will be open, and the airlock will be at 70.1 kPa (10.2 psi).

The Station will be at sea level pressure.

HAMILTON: Isn't the Station going to be at 70 kPa (10.2 psi) also?

SCHIMENTI: That's not my requirement at the moment.

The tables you are familiar with out of JSC-31013 are the extended Table 6 and

followed by nominal Table 6's (FIG. 22). The patient will be breathing masked at

these 20-minute intervals and will be on chamber air in these 5-minute intervals.

And, the'attendant will only be using masks at the final depressurization inter-

vals. We used these profiles and tried to generate a metabolic profile to get a

handle on what kind of loads we would be dealing with for environmental con-

trol, both metabolic, CO_, and total water produced by the crew individuals. We

baselined this as our expected metabolic profile for a worst-case use of the cham-

ber (FIG. 23). We started out at a high BTU level for each individual, and tapered

that off and baselined for the majority of the treatment what amounts to a rest-

ing state. The only requirements we had previous to this were the ECLSS station

24-hour averages. So, we used a profile based on similar kinds of work done on

the EMU or Shuttle to come up with expected load scenarios so we would not

over-design the equipment in our system. We used this profile to come up with

an expected CO_ production per individual, in which we used the LESC 41 node

model, oxygen, and CO_ production (FIG. 24). And, this model was used for the

Shuttle environments and the EMU configurations, which is the suit life support

systems.
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SCHIMENTI:

(Cont'd)

We are currently baselining this type of expected CO 2 levels over the treatment

profile. This is for an extended Table 6, roughly 6½ hours long. We did a similar

profile, again using the LESC 41 node model, to come up with an expected total

water production per individual (FIG. 25). This takes into account the pressure

effects of the various treatment levels; the steady-state intervals of 283 and

193 kPa (41 and 28 psi). Total water production here is made up of the respira-

tory losses, sweat, and diffusion. The sensible convection varies with pressure,

so you get a kind of a flattened-out curve due to the pressure effects. The largest

integralsforboth water and CO 2are naturally a resultofthe initialhigh meta-

boliclevelwe started out with. We feltitwould not be unreasonable toassume a

15-minute intervalat a high metabolic levelof250 kCal (1000 BTU) - which is

equivalent toa rapid walking or a very lightexercise state.

Basically,what isinsidethe HECA environmental controlunit isa temperature

controlloopthat consistsofa heat exchanger and some fans utilizingthe Station

Temperature Control system water loop (FIG.26). Itdeals with the delta-temp

from pressurization,the initialspiketo get from sea levelup to283 kPa (41 psi),

and the metabolic loads ofthe individualsand the equipment that are inthe crew

lock. Italsoisresponsible forregulating the airflowover the crew people. The

ARCHRS loop- and that'san acronym that Iinherited thatis"Advanced Regen-

erable Carbon dioxide and Humidity Regeneration System" - takes care ofCO 2

and relativehumidity. They are linked together; they utilizetwo molecular sieve

beds that operate in half-cycletandem to adsorb and desorb tovacuum CO 2and

water. Zeoliteisa siliconor aluminum oxide that'sdoped tocreate the desired

molecular grid that acts as a trap,ifyou will,forspecificsizedmolecules. Two

differenttypes ofzeoliteare used: one isa desiccant toremove water and one
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SCHIMEN_rI:

(Cont'd)

totrap CO2, which are then flushed by the delta-pressure tovacuum toempty

them for the next halfcycleor absorption phase.

There's a charcoal filterthatcontrols human odors inthe chamber. This system

isbasicallytransparent tothe crew. Itisrun by the Data Management System,

which looks at the sensorsforthe CO 2level,temperature, relativehumidity,

delta-pressure,of the fans,and determines fan speeds and, in the extreme, the

cycletimes ofthe valves ofthe molecular sieve beds tocontrolthe environment.

There isalsoprovision forcrew inputs for airflowand temperature. The crew can

request that itbe warmer orcolder and that the airflowbe brought up or down

within certainlimits.They willhave tobe input. Control ofthe system istotally

through the MPAC or the workstation, which currently islocated inthe node.

And, any changes tothe system have tobe input tothe computer, which willbe

monitoring and running the equipment. This isa briefsketch ofhow these loops

would look should one optionwe're currently considering be taken: This would

be a temperature controlloopthrough the heat exchanger, which willeitherbe

controllingtemperature by regulating the amount ofair through itor regulating

the amount ofwater through the heat exchanger. And, then there'san ARCHRS

loop that takes air that'salready been cooled,processes itthrough the beds,and

routes itback out intothe chamber removing CO 2and water.

NORFLEET: Dan, L_ the latestanalysiswith two people inthe crew lock,inthe task internal

characteristics,isitgoing tobe running hot or coldnow?

SCHIMENTI: You mean, the crew locktemperature thermal profile?
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NORFLEET: Yes. I understand there's been some new work done.

SCHIMENTI: The f'mal analysis of the crew lock temperature profile is being worked by

McDonnell Douglas and we have not as yet received it. And, that will include

the entire heat load for pressurization, the cold soak on orbit, the steady-state

intervals that one would expect. I don't have the data yet.

SCHULZ: Have you done a scenario with someone at 2.8 ATA doing CPR as far as meta-

bolics are concerned?

SCHIMENTI: No. We have not really come up with any hard evidence for metabolic rates

previously done, and we have ballparked that profile based on anecdotal

discussions with various people at NASA, etc. I do not have data for an actual

metabolic run of people during a Table 6 event.

BUCK: That's one thing I'm interested in, though, to get a feel, and this goes back to our

operations, for what kind of metabolic loads we'll be looking at. When you say

CPR, you are assuming a pretty high metabolic load from whoever is performing

the CPR. Normally, the general feeling is, '_Nell, during hyperbaric treatment,

you've just got people sitting in the chamber." Just to give you an idea, that's the

general feeling.

SCHIMENTI: Any comments to this would be appreciated.

BUCK: We're trying to get a better feel for, and come up with a better idea of, what

metabolic loads we should be using. We're kind of at a loss for requirements
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DR. ANDREW

PILMANIS:

because they haven'tbeen done. There are requirements for EVA metabolic

loads,but I'm not sure how those translatetohyperbaric metabolic loads.

At 6 ATA, we used touse four people insidebecause, doing CPR fora halfhour, at

leasttwo ofthem had tostop from exhaustion.

SCHIMENTI: Part ofthe problem ingenerating a higher than 250 kCal (I000 BTU) levelon

orbitisthe weightless environment. The length ofthis 250 kCal (1000 BTU)

period we've baselined is15 minutes, with approximately an hour before you get

down toa 125 kCal (500 BTU) level. However, the system design willbe able to

handle a higher levelforCO_ and relativehumidity, and certainlywillbe able to

handle a higher metabolic heat load. In the EMU suit,they baseline intervals

where the crew member might be at400 kCal (1600 BTUs) forshortintervals

due tothe work that he'sdoing out in space,exertion,etc. And, there isa profile

that they'veput together. It'ssimilar tothis;there are just peaks indifferent

places. However, ifanybody had some additionstowhat they think we should

be looking at,we would appreciate that.

WORKMAN: You design for this metabolic profile. Does that give you the 1 kPa (7.6 mmHg) of

CO_ or what?

SCHIMENTI: The system is currently designed to stay well below 1 kPa (7.6 mmHg). As a

matter of fact, we are currently a little over designed.

WORKMAN: What's designed up tothismetabolic profile,ifanything?
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SCHIMENTI: The CO 2and water production. In other words, the total amount of CO 2and

water that we have to remove and the time intervals that they may impact the

1 kPa level or, in the extreme, the 95% relative humidity level (which we're not

going to reach, however), that is what the impact will be. This would entail a

greater CO 2rate that we might have to deal with. But, there is a lag time for

the removal of CO 2.

SPEAKER: There would also be the cooling capacity, I would think.

SCHIMENTI: Yes, but, since the system is designed to deal with a large heat spike during

pressurization, another 250 kCal (1000 BTUs) for another hour is not going to

affect this significantly.

JAMES

WALIGORA: Here's the question. If you had a case where, during one treatment or something,

you were at 380 kPa (1500 mmHg) or the observer was at 380 kPa (1500 mmHg)

for the whole time, what would it impact? It seems that CO Swould go up to 2% in

that one case, I would think.

SCHIMENTI:

°

The problem would be at CO 2level, not heat load and not necessarily relative

humidity either.

WALIGORA: Do you thinkwe ought toseewhat areallyworstcasewould be and how itwould

impactthem?

BOVE: I don't think you'd do CPR for 6 or 7 hours, though, to tell you the truth.
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WALIGOP_: No.

BOVE: And, you know, thinkingon CPR; Idon'tthinkCPR ismuch more than two-and-

a-halftothreetimesresting.You'vegottwo-and-a-halftimesrestingbuiltinas

yourworkload. Alsoremember, the victimisn'tproducingany CO sorheatatall.

SCHIMENTI: He'scomatose.

BOVE: The providerisprobablyrunning atabouttwo-and-a-halftothreetimes,which is

prettyclosetowhere you have itnow.

SCHIMENTI: We've currentlydesignedthesystem tohandlethisprofiletimestwo,each person

undergoingthis.Now, itdoesn'treallymake any differenceforthesystem design

whether thispeak occurredinthe middleoratthebeginningorattheend. How-

ever,thisisthekind ofmax intervalthatwe'rethinkingof,and comments tothat

wouldbe appreciated.

HAMILTON: What doyou have todo here? Don'tchangeyourdesign;change theaccepted

limits,because there'sabsolutelyno problem,asyou'llgetinthehandout from

me later,with lettingtheCO Sgo up considerablyabove 2 kPa (15mmHg), which

iswhat you have as yourupperlimitnow. And,you can go to3or 4kPa (22or

30mmHg) withoutany realproblem fora shortperiodoftime,becauseit'sgoing

tocatchup aftertheguy orthepeoplestopworkingthere.

SCHIMENTI: That'scorrect.
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HAMILTON: So, you don't need to worry about it. It's a problem that you should accept, a

possibility that should be accepted by the system, and not be worried about.

SCHIMENTI: My problem is, I don't have the luxury of being able to design to that. They stick

me with a requirement and the interpretation of that.

HAMILTON: You have designed it adequately, it looks like, from what you've shown us here.

SCHIMENTI:

REIMERS:

Now, in a practical application scenario or in an operations use, we may be able

to state that certain levels will be exceeded given a change in the treatment or

unexpected events so that the levels will get pushed higher. And, this would not

be detrimental to or violate system performance. That is something that may be

written into the document later on.

Those kinds of considerations of what happens, you know, how bad is a thing that

happened to you if you trespass on the limit. Those are the kinds of things that

weigh heavily on your decisions with respect to redundancy.

SCHIMENTI: That's correct.

REIMERS: If nothing much bad happens, you really don't need much in the way of

redundancy.

_HIMENTI: We are currently forced into a two-failure level of redundancy; in other words,

the system has to continue operations after one failure. For instance, if some-

thing should happen in the molecular sieve operation where one bed - due to
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valve or plumbing or etc.- was no longer in operation,the treatment could con-

tinue but itwould continue atcloser to the 2 kPa (15 mmHg) level.And, that's

the way we're interpreting that requirement tocontinue operation. Now, tobe

able toexceed the 2 kPa (15 mmHg) level isnot allowable the current way that

the document iswritten.

PA.NZARELLA: As faras redundancy isconcerned, the program has setour redundancy levels

forus. We're not looking at each possible case;they'rejust given tous.

HAMILTON: How much effort,or how much cost,in your design isbecause ofthe tempera-

ture spike on pressurization? Isthat the limitingfactoron the sizeofthe heat

exchange?

SCHIMENTI: Yes, the initialheat load isour limiting factor.

HAMILTON: Isitvery big compared towhat itwould be ifyou didn'thave that?

SCHIMENTI:

HAMILTON:

Well, yes.

Because that,tome, isrelativelyunnecessary.

SCHIMENTI: Well, the heat ofpressurization,depending on what the finalconfiguration

analysis ofthe actual crew lock heat coefficients,etc.,and itsorbitalpositions

(which willultimately determine itswall temperature) are,we did some initial

studiesabout a year ago that indicate that that heat spikecould be as high as

5800 kCal (23,000 BTUs) inthat initial2-minute interval.There's some more
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recent information and analysis of the crew lock, giving different materials and

orbital conditions, that have halved that level. But that is still in work. That is

the driver for the size of the heat exchanger, is the initial 2-minute level, keeping

it below 45°C (l13°F).

REIMERS: On that, you can reduce your thermal loads a lot by making the system design

such that you don't lose the refrigeration that occurs in the pressurization control

valve. And, people have done this in hyperbarics. If you reconfigure your design

a little bit so that the expansion valve and your pressurization control valve are

physically inside the vessel, you get much less heat. What happens in those situ-

ations is the gas expands across the valve; of course, it gets cold. Well, now you

have cold gas going down a warm pipe going into the chamber, picking up heat

all along the way. Now, when it gets in the big chamber, it pressurizes, it gets

hot. If you can stop the heat pickup along the way and make use of the cooling

that occurs in the primary expansion valve, you get a much lower heat spike on

pressurization. In fact, if you look at the thermodynamics books and you equalize

two vessels, you're at a different pressure to equalize, you come to the very shock-

Lug conclusion that temperatures aren't supposed to change.

BUCK: Idon'tknow what temperature area you'reconsidering as supply. Right now,

we're looking at - 18 to0°C (0to 35°F) airforsupply.

REIMERS: Coming intothe chamber?

BUCK: Coming intothe HGPCA where it'smixed and then, subsequently, into the

chamber.
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REIMERS: Okay.Butit's beingmixed there. What pressure isitcoming into the HGPCA?

BUCK: Itcomes in at2340 kPa (340 psi)and then it'sregulated.

REIMERS: So, it'sa fairlysubstantial expansion there. The point is,ifyou can capture the

coolingin terms ofthe resultofthat expansion, you'llcut down on that temper-

ature spike inthe chamber by a significantamount. Now, the practicalfactsof

doing that and the hardware requirement may not be worth it,but that'sa

possibilitythat'sthere.

FROST:

REIMERS:

Here, we have a cost trade-off.What you have todo ismove the valve intothe

crew Iock'and make ita remote operated valve,and there'sa trade-offwith _How

much more does that cost forsaving ofthe sizeofthe heat exchanger and fans?"

There's a middle ground inthat,ifyou could justsomehow insulate that lineso

that gas isn'tpicking up heat as itgoes into the chamber, you don'tlose.The

main thing isyou don'twant tolose the coolingthat'screated atthe expansion.

FROST: Yes, Iunderstand. Well, allofthat'sweight, and there'sa big delta-V implica-

tion.It'sa complex trade-offtooptimize the system.

SCHIMENTI: We are alsofaced with significantlimitsas tohow much we can fitin thiscrew

lock. The crew lock isextremely crowded atthe moment, even without people in

it.We are currently trying tomake our system smaller. The rack envelope that

Courtney had shown - which isthat L-shape on the previous presentation in the
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crew lock rack - is approximately 2.13 m 3 (7 ft3), and we are trying to get that

down to a smaller level. Is there anything else?

SPEAKER: Do you all have a requirement for ORU transfer through the crew lock?

SCHIMENTI: Yes, that determines placement of components and the rack size. That's one of

the limits.

SPEAKER: That rack that you're talking about having in there, is that going to have to be

taken out during ORU transfer?

SCHIMENTI:

BUCK:

No, all of the crew lock equipment is meant to be untouched during any EVA or

ORU transfer.

That's one reason that there's a premium on lowering volume in the airlock- so

that we can accomplish the ORU pass-through.

BARRATT: Thank you, Mr. Schimenti.

Airlock Contamination:

Detection and Thermodegradation Products

BARRATT: The next presentation is by Dr. Tom Limero, who's going to give us a rundown on

contamination issues for the airlock.
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DR.TOM

LI_RO: What I was asked to present were some of the contamination and detection issues

dealing with hyperbaric airlock operations. The breakdown of what I'll present

is: the contamination sources during hyperbaric operations; what the most likely

potentially toxic compounds are, what selected monitoring levels we have devel-

oped for those; the detection strategies; what types of technologies are available,

what instrument, and what some of those characteristics of those instruments are;

some results offof Shuttle dealing with these instruments we have targeted; and

some concerns overall about the entire issue.

Itappears that,in the hyperbaric situation,the two most likelysources ofcon-

tamination are a contaminated EVA crew member or a contaminated ORU

coming in,and the other one isa thermodegradation event (FIG.27). When we

talk about thermodegradation, we're talkingabout the whole range ofanything

from just kind ofoverheated wiring toa full-blownfire.The materials that we

consider most likelytobe brought inthrough contamination ofa crew member or

an ORU are (FIG.28): hydrazine, which isfound both on the Stationand on the

Orbiter when it'sup there;monomethylhydrazine (MMH), which isa Shuttle

propellant;nitrogen tetroxide(N204),which isa fueloxidant (but insidewe

expect ittobe mostly in the form ofnitrogen dioxide);and finally,perhaps,

ammonia, ifone ofthe external cooling loopsbegan toleak.

The maximum levelsthat would be acceptable- and, ofcourse,inactuality you

would not want tocome near the actual highest levelsthat would be acceptable -

but the numbers thathave been setforthby the toxicologistand have been concur-

red upon by the NRC committee on toxicology,are as follows(with the exception
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(Cont'd)

of hydrazine, which is still under review): monomethylhydrazine has been

accepted at a very low level; nitrogen tetroxide and ammonia at a couple of orders

of magnitude difference (FIG. 29). So, what we look at is the risk of one or all of

these being brought into the airlock, and the availability of such compounds in

the areas of likely EVA activity. Questions include how much of it is actually

around, what might be the opportunity to contaminate the crew members, and

what is the stickiness on the suit- how likely is this stuff to get on to the suit and

to stay on the suit long enough for the crew members to bring it into the airlock -

and finally the compound toxicity. When you put all of those together, you come

out with a risk of contamination (FIG. 30) being, in descending order, hydrazine

followed by MMH, ammonia, and, finally, nitrogen tetroxide at the bottom.

For combustion products, we have some experience with this on Shuttle. It's"

important to recognize that, up to this point, we have no evidence that there's

been contamination brought into the airlock during Shuttle operations. How-

ever, we do have experience of Shuttle thermodegradation events (FIG. 31). We

had one in 1983, where some Kapton wiring fused; on STS-28, a teleprinter cable

paralyzed; and, most recently, in December 1990, we had two DDSs that over-

heated, leading to a degrading of the electronic components. These events, es-

pecially the STS-28 event, got us thinking about what we want to monitor. The

problem with thermodegradation products istryingtofigureout what you want

tomonitor, because there axe somany variablesthat determine what's going to

be generated. The obvious question is,"What materials axe burned? _ But then,

you get intothings likethe temperature ofthe fire,the oxygen content around

the fire,the surrounding materials,and so on (FIG.32). Itcomes down to the fact

that you have totarget what you'regoing tomeasure.
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LIMERO:

(Cont'd)

To be selective,we had tonarrow down what we wanted tomonitor.We can't

monitoreverything.So,we came up witha criterion;thetoxicologistsetthetask

on this(FIG.33).Basically,we lookedatthequantitythatmight be generated;

inotherwords,"Do we have a lotofaparticulartoxiccompound generatedoffa

particularmaterial?"And, _Vhat materialson spacecraftaremost likelytobe

theonesthataredegraded?" So,we'relookingforwhat isofrealtoxicconcern

thatcouldbe generatedinsignificantquantitieson materialsthatareina posi-

tiontobethermallydegradedon spacecraft.From that,we came up witha listof

fivecompounds: hydrogen cyanide,hydrogen chloride,carbonmonoxide,hydro-

gen fluoride,and carbonylfluoride(FIG.34).These come from such materialsas

Kapton,Teflon,and PVC (FIG.35).Ofcourse,allthreeofthem axe goingtogive

offcarbonmonoxide; Kapton givesoffhydrogen cyanide;and Teflongivesoff

hydrogenfluoride.Carbonyl fluorideisthe fluorineanalogtophosgene,and that

alsocomes off;thecarbonylfluoridecomes offTeflon;and thenHCf comes from

thePVC.

Probablythetwo materialsofmost interestforairlockconsiderationsareKapton

and Teflon.Generally,therangesthatwe areconsideringmonitoringareforthe

acidgasesgoingfrom about2 ppm to100 ppm, and forcarbonmonoxide measur-

ingsomewhat below 10ppm to1000ppm; a biggerrangeforcarbonmonoxide

(CO) (FIG.36).We expectperhapsmore ofittobe generated.An additional

100 ppm ofhydrogen cyanide(HCN) isa lotmore ofa problemthan 200 or

300 ppm ofCO. So,we'vedefinedwhat we need tomeasure,and what we think

arethemost likelyproblems tooccurina hyperbaricsituation.

100



Ch
Z

Z
0

"I
C

l--

rr 0
iii 0
O.
0 '_

C.

U
o

i!1 iJ

g
8

"0

W

n_

!-- o *"

=

e_

E

t_

e_

c_

r_

101



_o W
°_

0

0

e.

102



Ul

t..
o

C
r-
0

...)

o
,,n

Cl:l

o o _ 8_ o
LI.I
I-r_

mr LU
-- I,-

O0
IX1
m- U.

0

>- ,,I
0
rc

Z
0
i--
O.

Z
0 0
0 n-

o

0

0

0

0

¢0

103



Z
,,_
cO
Z -t-
O (3
F--. z

0: n."
u.l m
D. "I"
O C_
._I n-
,,_ ,<
(3 l.U

UJ l.U

o
m

o=

m
IZ:

>-

u3

LU

ILl
O O O O
O O O O
T =,= _ _

iii'
v

UJ

104

.=.

o

cej



LIMERO:

(Cont'd)

We now have to ask, "What can be used to monitor the situation in there if one

of these events should occur?" and be able to detect that event. Basically, for the

desired instrument characteristics, we wanted to be able to monitor as many

compounds simultaneously in real time as possible. Obviously, it will be com-

pact, light, rugged, compatible with micro_o-ravity, without external resources,

and highly reliable; and one of the Station requirements is that this be able to

survive a depress cycle (FIG. 37). This is what we were working before we learned

about hyperbarics, so there were no high-pressure constraints. I'll deal with that

in a few minutes. In addition, it should be a portable instrument, and the instru-

ments we're going to talk about are portable.

For the contaminants that we expect from the EVA - the hydrazines, ammonia,

and nitrogen tetroxide or nitrogen dioxide - there are really about five available

technologies on the market. These are the major ones (FIG. 38). Indicator tubes:

A lot of people know them better as Draeger tubes. Their sensitivity is just not

going to meet our requirements and their reliability is very much in question,

especially since, for orbit, we would have to repackage them because you can't

break glass in orbit. Electrochemical: Again, MMH and hydrazine usually can't

be distinguished. There's some interference with ammonia, not a major problem,

but again it doesn't get down to the required levels. Mass spectrometer: It is a

much more complicated, power-hungry instrument that probably cannot get

down to the levels required. Colorimetric paper cassette: This is a bulky system

and the paper tends to degrade over time, and some moisture/humidity effects

also are a problem. Dosimeter badges: They don't give you the kind of real-time

updates of what's going on. So, we are left with an ion mobility spectrometer.

This is the unit we've chosen.
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LIMERO:

(Cont'd)

Thisisa prototypeunitthatwas developedoutofa militaryprogram formeasur-

ingchemicalwarfareagents;infact,itactuallysaw duty intheGulf,and itwas

hard togetwork done forour own peopleduringthattime. But anyway, thisis

verysimple.There'sabuttonhere;it'saone-buttonoperation.You push the

button;there'san 8-bardisplay.The more barsyou get,the worse offyouare.

Note the verysimpledisplay.They turniton,letitwarm up forabout2 or3min-

utes,and takeofftheblackcap,and they'rereadytogo and getthereadings.The

advantages totheionmobilityspectrometer(FIG.39):It'sgotlow detectionlim-

its.We're lookingatlessthan9ppb forhydrazines;we thinkwe can godown to1

or2ppb withsome materialsengineering.It'srugged.Itwas developedby the

militarytobe usedinthefield,and it'sgone throughtestslikedroppingoffthe

backofa Jeepgoing40 mph and thattypeofthing.It'swaterproof;you can put it

inwater and it'llcome outand be free.It'sreliable.It'seasy tooperate(asIsaid,

one button),minimal interferences,and itcan simultaneouslydetecthydrazine,

MMH, ammonia, and nitrogendioxide,althoughwe reallyhaven'ttakena look

atthisjustyet.

The rangesofperformanceon theinstrument(FIG.40):The IMS goesfrom about

zeroto600 ppb forMMH and hydrazine;ammonia isinthe low ppm range;lower

detectionlimitissomewhere below 9ppb;we haven'treallychecked ammonia;

and theresolutionissomewhere below 2ppb. The reasonthischartisincomplete

isthatit'sverydifficulttogeneratehydrazinesdown attheselow levels.We tried

generatingup toabout600 ppb witha new Kentechgenerationunit,and ittook

us 24 hours beforewe evensaw any hydrazinecomingthrough thesystem.Itjust

stickstoeverything,and it'sverydifficulttowork down, sothat'swhy thesenum-

bersare somewhat nebulousand notreallypinneddown.
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SPEAKER: What happens if the unit suddenly sees a lot of hydrazine? Do you find that out,

or does it just go blind?

LIMERO: No. It does respond to it. Like any monitor or sensor, you're going to swamp it for

a while. It depends on how much it sees. If you go above the 600 ppb range, if

you're up around 1 ppm, it may take it some minutes to recover. Now, if you go

up to the 50 or 100 ppm range, it may really do a job on the sensor and it may

take you 20 or 30 minutes for it to recover.

BOVE: I don't understand what you mean by sticking. Is hydrazine a gas or a liquid

when it's contaminating things?

LIMERO: Actually, they're doing some testing at White Sands right now on that. But what

happens is that, from the testing they've done at White Sands, it's a solid form

and it kind of sticks on to the EVA suit. When they come in, I've heard differing

opinions of what happens. That, when you repressurize, it just vaporizes off the

suit. Talking to the people at White Sands, it sounds more like water. If you

have ice and you come inside, you've got snow on your suit from being outside or

whatever; you come in, and it just gradually melts. Some of it turns to a liquid.

And, that's a real concern because, if it does, it may saturate into the suit and

then you have a real problem. But, as I say I've heard evidence from basically

the same group of people on both sides: one, that it vaporizes as soon as it comes

in; and one, that it is slowly given off.
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BorE: Your detectorisdetectingmoleculesofgas suspendedintheair,and soyou would

have toassume thatthehydrazinewould volatilizeand itwould be drawn into

the sensor.

LIMERO: Right.We assume that;atleast,when theycome back inand they repressurize,

a portionofitwillvolatilize.

BOVZ: Then you wouldn'tuseyoursensortogo overthesuitsthemselves,would you?

LIMERO:

SPEAKER:

Around the suit;but,ifthey'reveryclosetothesuit,theoperationalsystemsce-

nariomight be: I.ftheycame inand theydetectedhydrazine,theywould then

move thathydrazinesensoraroundand use itasa kindofa detectortopinpoint

where theproblem is.

Thisthingonlyworks atcabinpressure?

LIMERO: No. In fact, it will work at reduced pressures, but we have not done the testing on

the reduced pressures. We know it works at 70 kPa (10.2 psi) because it's been on

board Shuttle and it did just free. So, we know it will go down to at least 70 kPa.

The manufacturer feels, without any problem right now, it'll go down to 34.5 kPa

(5 psi) and operate at 34.5 kPa (5 psi). Beyond that, we don't have a feel for it. We

can make it so it'll survive space vacuum because it has an outlet to the outside

and it's always equalizing inside the instrument itself. So, you don't have a

pressure differential where you're going to blow out gaskets or membranes or

anything like that.
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JAMES

KAUFMAN: Are you concerned about a contaminated crew member coming inand, by the

time you've detected itwith thisdevice,he'salready dirtiedthe airlockitself?.

Ifhe goes back out,he leaves a dirtyairlock.

LIMERO: Yes, Idon'tthink there'sany doubt about that. The problem isthatIdon'tknow

how you're going todetectiton the outside. And, the problem isthat when you go

outside, you have a good opportunity tomiss the hydrazine. So,you saidit'ssafe

and the guy'scoming inanyway; and Ihave not seen any good way, asyet anyway,

todetect on the outside.And, the other problem that you have isthat it'sgoing to

have tobe a Yes or a No, because you have no way toquantitate. You don'tknow

how much isactually there.

SPEAKER:

LIMERO:

I thought White Sands was also testing a unit to work in vacuum.

They are working on a quadripole unit, but I don't think that's the unit that they

will go with. They're thinking about actually an ion mobility time of flight; and

it's essentially the same as this, only you evacuate it. This one works at atmos-

pheric pressure. The time-of-flight unit works at vacuum. The difficulty is the

same thing. Somehow, you have to get the molecules off the suit and somehow

you have to be able to quantitate them. And, in space it's going to be very

difficult to do that.

SPEAKER: This has not been tested under hyperbaric conditions either, I assume.

LIMERO: No, ithas not. And, Idon'tknow how itwould reactunder hyperbaric conditions.
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HAMILTON: You wouldn'treallyneed itunder hyperbaricconditions.Bleedthe sampleoutof

it.

LIMERO: Right.That'sa possibleoption.

HAMILTON: Would you takea secondand tellushow thisthingworks? Isitlikea mass

spectrometer?

LIMERO: It'ssimilar.As ina mass spectrometer,thesample ispulledinand you ionizeit.

You now have an ion,and you have an electronicgate.That electronicgateletsa

pulseofthoseionscome throughintoadripregion.What you'redoingismeasur-

ingthetimethatittakesthemoleculetotraversethatdripregion.That drip

timeiskey toa particulardrip,a particularmolecule;eachmolecule willhavea

particulardriptime togetthroughthatregion.And so,it'ssimilartoa mass

spectrometer.That dripregionhas an electricfieldappliedtoit,soyou'rehelp-

ingmove themoleculesalong.The differenceis,ina mass spectrometeryou're

separatingaccordingtomolecularweight,and hereit'smolecularweightand

alsothe sizeand shapeofthemoleculebeingmeasured. As Isaid,thisunitworks

atatmosphericpressure,sothesemoleculesaregoingintheoppositedirectionof

thedripgas.As you godown inpressure,ofcourse,thepressurewithintheunit

getslowerand lower,and thatdripgas getslowerand lowerinpressure.Ifyou

getdown tovacuum, thenyou probablyneed a time-of-flightmass spectrometer.

And there,you'remeasuring thetimeofflightittakestheiontotraversea

vacuum.
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HAMILTON: Is there a little pump in there that sucks the gas into it? Then it wouldn't work in

a vacuum.

LIMERO: No, it will not work in a vacuum. That's the difficulty, even with the other units.

The problem you have is how to get it into the unit. The only available technology

I know that might.work on the outside is like near infrared, where you can actu-

ally scan a surface. The problem is, it just doesn't have the sensitivity that's re-

quired; this doesn't even come close right now.

HAMILTON: Are the molecules driftingthrough air?

LIMERO: Yes.

HAMILTON: Then would it be effective if you put it in an environment that has a different

composition than air?

LIMERO: In terms of different composition, do you mean totally different? Are we talking,

70, 80, 80:20 versus 70:30, because that will not make any difference.

SPEAKER: That won't make any difference?

LIMERO: No. What's going tomake a bigger differenceisthe increased pressure,because

the increased pressure isgoing tocause them todriftslower through that region.

What that'sgoing todo isbroaden your peaks a littlebit,so you'regoing tolose

some sensitivityunless you go toa peak width. At 70 kPa (10.2psi),we saw just

the opposite;we got more sensitivityon peak height and nice sharp peaks, but
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(Cont'd)

theycame quickerthroughthedripregion.That isgoingtobeyour limiting

factorastohow low thiscan actuallydetectbecause,eventually,thepeaks are

goingtocome fasterthanyourelectronicscan keep up withthem.

For combustionproducts,what we have developedisa combustion products

analyzer.Thishas beenflyingon beard Shuttleforabouta year.Itisa very

simplyoperatedinstrument.Allthecrew has todo isturnthisbutton.They can

scanand they'lllookatHF, HCf, HCN, and CO; it'lljustgo from one totheother

automaticallyor,iftheywant to,theycan siton aparticularcompound. It'llalso

indicatelow flow,low battery.The alarm isdisabledrightnow. The inletisa

particulatefilter.Inside,essentiallywhat you have isa smalldiaphragm pump

thatpullsairoverthesensors- HCN, HCI, HFCI (FIG.41).We're intheprocess

oftestingHF, but we believeHF willpickup theCOF 2as well.Ifthere'sany

moistureatallin theair,it'sgoingtogo toHF, sowe feelthissensorwillserve

thatpurposeas well.These normally work ina passivemode, but we usea pump

toimprove ourresponseand recoverytimes.And so,the pump onlyhas tomain-

raina veryminimal phasevelocityoverthepump. We go about 800 m/rain.This

isa littlebitbettercharacterizedatthispoint.

As you can see,the rangesare withinthe monitoringlevelsthatwe need (FIG.

42).The rangesgo from zeroto100 on theacidgasesand from zeroto1000

on CO. Resolutionisaround 0.1and Ippm on CO. The accuracysays --.5%,

butthatislimitedby themethod thatwe usetocalibratethem, and thataccu-

racyiscertifiedat -+5%. The exceptionisCO. For CO, we use bottlestandards

thatarecertifiedtoa much more stringentaccuracy,and you'llseewe get _+2%.

So,that'smore appropriatelywhere thesensorsfall.And, as you can see,the
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LIMERO:

(Cont'd)

repeatability, which is not affected by the certification of the standards that

we're using, does come in about ___2%. Response time is good. HF is a little bit

long; that's because that's an indirect reaction. These are all electrochemical

sensors, and they are all oxidation reactions except for the HF, which is an indi-

rect acid reaction, I think, with iodide and is then reduced. We're working to

try and get that reaction time down.

We have flown the hydrazine monitor on one Shuttle mission, the purpose of the

mission being to look at pre- and post-flight calibration and see how well it stayed

in calibration (FIG. 43). That also gives an indication of the precision and accu-

racy you can expect out of this instrument when we fully characterize that. You

can see that this did very well. We're looking from zero to 600 ppb, and that's a

pretty good pre- and post-flight. You're looking at about 2 months in between"

those two calibration lines, and a lot of"shake, rattle, and roll" in the meantime.

In addition, we did get back a data logger on this instrument, and we did look at

the spectra that came back. We've not seen any hydrazine during this mission; it

was not expected. It was a low-risk type of mission. We did see what we think is

a little bit of ammonia present, which would've probably been 1 or 2 ppm, but

that was it. From the spectral analysis, we could tell that this instrument was

functioning fine, both at sea level and at 70 kPa (10.2 psi).

The CPAjust pulled one mission. This was an extremely nice crew. We asked

them to take one measurement and they took three measurements all the time.

They took measurements on the middeck, the flight deck, and this was the SLS-1,

and they took measurements in the laboratory as well. What you can see is that,

basically the CO level or the sensor reading remained fairly constant (FIG. 44).
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LIMERO:

(Cont'd)

We do know on the CO from previous flights that we have a hydrogen interfer-

ence, and that's why you're seeing the CO levels being elevated a little bit. But,

we have worked on that, and we're down now to where we're getting a hydrogen

cross sensitivity of at least 10:1. So, it's taken about 10 ppm of hydrogen to give

us one reading- 1 ppm on our sensor. We're working to overcome that to get it

down to zero. On this mission, you're looking at about 100 or so ppm of hydrogen,

which is about right for a 10-day mission because the lab was doubled. We'd nor-

mally look for 200 to 300 ppm of hydrogen on a mission of this length and with

this many people. And, that's all metabolic as far as we can determine.

The othersensors,again- HCI, HF, HCN - showed thatreadingsfrom themid-

deck,thelab,and theflightdeck were basicallysimilar(FIG.45).Again,thisis

allbelow Ippm, which isprobablythelowerrangethatthisinstrumentwill

reallylookat.This may be real,thislittleelevationon the HCI, but we don't

know for sure.

The lastthingthatIwant tomention issome concernsI have,some questions

from our perspective(FIG.46).One isthat,as Imentioned inthebeginning,I

putup a listofinstrumentcharacteristicsand,when we were developingthese

instruments,we weren'tthinkingabouthyperbarics,And so,none ofthesein-

strumentshas been thoughtaboutorconsideredforcertifyingforhyperbaric

conditions.Probablymore importantisthatthecalibrationathyperbariccon-

ditionsisgoingtobea problem.Ithinkthereareways around it.Regardingthe

CPA, forinstance,one oftheways we getaroundcalibrationofan electrochem-

icalsensoristoactuallyhavepre-calibratedsensorblocks,sotheyjustpullout

one sensorblockand putinanotherone and it'sreadytogo. You might have
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one of those sensor blocks that has specifically been calibrated for the hyperbaric

condition; that is, if you're going to be at one pressure. Now, if your pressure is

going to wander all over the place, that's going to create some other problems.

These two lead to a cost impact.

The third thing that I'll leave you with is that I think you have the potential to

contaminate the airlock one way or the other, whether it be thermodegradation

or through an EVA crew member coming in. I think you've got to be thinking

about how would you clean up in there. How would it be done? What provisions

would be made for decontaminating the airlock? Because our experience from

Shuttle over the last 2 or 3 years has been that you can plan and you can do the

best you can, but it just seems that Murphy kind of flies on along. Any questions?

BOVE: I guess one of the concerns we have, as you're talking about detecting background

contamination, is the scenario where an instrument fails, some wires burn, and

HCN or HF is released into the air in fairly large amounts. There ought to be

some process that allows people to quickly protect themselves from breathing the

gases while they go around getting their detector ready. I just wonder whether

that's been considered.

LIMERO: Right. On Space Station,the CPA willbe a first-alertinstrument todojust that,

toserve as a firstalertto catch something before itdoes become a major incident.

But, sometimes ifyou have a short and thisstuffpyrolyzes in a hurry, you're still

going tobe well above levelsthat you consider safe. I presume - and Idon't know,

Mike may be able toanswer that betterthan I,but I know forShuttle - they are
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working on a quick-don mask and that that work willflow over intothe Space

Station Program.

SCHIMENTI: The SMAC value forhydrazine on the 1-hour levelis5 and your detectorrange is

zero to600 ppb. Can you relatethat toa patch ofhydrazine on a suitoutside? Or,

what are we looking at? What isthe detectorcapable ofmeasuring?

LIMERO: You didn'task me the question Ithought you were going toask, but Ithink Ican

answer by tellingyou the question Ithought you might ask. Ifyou'llnotice,

there'sa big discrepancy between the MMH and the hydrazine, between the

detectionlevels.And, part ofthat isthat there was a study done at White Sands

with MMH where they had one breath ofMMH, one sv/fl'ofit,that caused nasal

lesions.The toxicologistspoured over that study and they could not fredany-

thing fundamentally wrong with it.You tend tothink,"That just seems unus-

ual,"but the study was very well done. For hydrazine, there was no such study

done. After MMH, they stopped that. So, they setthe limitshigher, but that is

under review and that limitisgoing tocome down; Idon'tthink there'sany

doubt about that. How much it'llcome down remains tobe seen, but Ithink

you'llsee a much, much lower hydrazine limitwhen they finallyget setin. I

think Idid the calculation,and itwas around 0.1ppm; itwas inthe milligram

range for the Shuttle airlock.Now Imay be wrong; it'sbeen a while,and Idon't

remember exactly. But, Ithink itwas inthat range. Five ppm inthe airlock

isn'tgoing totranslateintograms ofmaterial. You're going tobe looking at a

very small quality. And forMMH, when you look at0.002 and, unfortunately

(if'younotice that's0.002 allthe way across,which includes the 1-hour SMAC),

that'sa small amount. And, that'sthe other thing. That amount probably is
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going to be very difficult; visually, you're not going to see it. Dr. Johnson at White

Sands is pretty adamant about the fact that it's going to be very difficult to visu-

ally see white hydrazine on a white suit, and I would probably agree with him.

HAMILTON: What is the requirement to use this instrument in hyperbaric pressure, under

hyperbaric conditions?

LIMERO: Do you mean, either one?

HAMILTON: Eitherone, yes.

LIMERO: Right now, I think the changes are in the works. There is no requirement now for

us to have that instrument working in those conditions, and that's why the orig-

inal instrument constraints that I put up did not include hyperbaric.

HAMILTON: But, if there were a fire and you wanted to look and see what's in the chamber,

you would have to put this instrument through the lock into the chamber. You

couldn't bleed the gas into some space. Otherwise, it would go into the cabin.

LIMERO: Yes, right.And not only that,we had talkeda littlebitabout sample lines,but

sample linesbecome a realproblem when you get down tothe low levels.In fact,

Iimagine the scenario would run that you would actually have thisin during

your hyperbaric processesso that you would not have toopen up atany time to

pass thisthrough. So thatas a standard procedure,when you starteddoing

hyperbaric operations,you'd have the CPA inthere.
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PANZARELLA: You're coming back in from EVA and, should you detectsomething with the

sensor,how would you take care ofthe contamination on the suit? Would you

take care ofitinsidethe airlock,or would you have to go back outside?

LIMERO: Right now, the way in which it'sdone isthat: Ifthey detectit,they go back out,

and, ifthey visuallysee it,they have a brush that looks kind oflikea paint brush

with which they can brush the hydrazine off.But, as we said,Ithink you prob-

ably have to have a loton you tobe able to see it.Ifthey came inand there was

hydrazine detected on the suit,the way in which the protocolsare written right

now isthat they go back out again and they bake foran hour or two. They turn

tothe Sun and bake itoff,then they come back in.

PANZARELLA: Well, I'm more concerned about a patient with decompression sickness. Iknow,

it'slikea double failure.

LIMERO: Yes, itis.But, Ithink ifhe comes in with hydrazine on him- I'm not a medical

doctor,but you'd probably have tomake a decisionofwhich was more dangerous.

And, probably the bends would be the thing you would take care of,would be my

guess. Try to clean itup inside,because the realproblem with hydrazine isthe

cancer causing potentialofit,sothat may be years down the road where, ifhe has

the bends, that'sprobably prettyimmediate.

KAUFMAN: This potentialliquidform ofhydrazine, do you know much about it? Ifitbecame

a liquidform - say the suitsomehow contaminated the crew lock,then he decided

he could go through his hyperbaric treatment- isthere a possibilityforthat to

vaporize because ofthe increasedpressures there?
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LIMERO: I don'tthink itwould vaporize. The hyperbaric conditions,Iwould think, would

lessen the chance that itwould vaporize offthe suit.On Shuttle they have some

cleanup towels,and I'm not sure exactly what those are made of,but they'reused

tosop up any hydrazine. But, that'skind ofa primitive method ofdoing it.

SPEAKER: Is carbonyl fluoride detected in the HF channel?

LIME RO: Yes. We're in the process of testing that but, with all indications, there's no reason

to believe that that shouldn't be because, again, COF 2goes immediately to HF in

the presence of any kind of moisture. So, if you're in any kind of humidified air it's

going to go to HF.

REIMERS: I'm under the impression here that, if an astronaut is out with the bends and you

get him into the equipment lock, you get him out of his suit and then back into

the hyperbaric chamber first without doing anything hyperbaric, so all this stuff

that's coming in on his suit is going to be more an equipment lock problem than a

hyperbaric problem. It may contaminate the hyperbaric chamber on the way

through, though.

WORKMAN: If it's under the physiological response to surface equivalent, it's going to be en-

hanced under hyperbaric conditions. And so, a given amount of contaminant,

perhaps, will be more physiologically reactive and I don't know how that needs

to be factored in with your alarm limits.

LIMERO: Yes. I'm glad you brought that up, because I meant to mention that. That's true;

for none of the limits that I have mentioned, either for the combustion products or
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the hydrazine, have hyperbaric conditionsbeen looked at. They put a lotofcor-

rectionfactorsfor space flightin there already. But, whether more would need to

be added forthe hyperbaric conditionor not would remain tobe seen. My guess

is,on some ofthem, there probably would be.

WORKMAN: Ithink you'd need totake a look atthat,because Ithink you'regoing tofindyour

limitsare going tobe much lower.

LIMERO: Yes.

HAMILTON: Much lower isa matter ofrelativevalues. Typically, what you'redealing with in

any kind oftoxicologysituation,inmy experience, ispartialpressure sensitivity.

And, you'reonly looking atthe differencebetween I ATA and 2.8 ATA, so it'snot

that big a deal. Those ofus coming from the diving world are looking at multi-

plying by 30,where lifegets a littlebizarre;not so much here.

LIMERO: Iwould think that eventually,as thisgets fartheralong inthe program, we'llat

leastbe asked tolook atit.I'm sure.

BARRATT: I'm going tomove us along a littlebit.I'llmention quickly thatthe requirements

being examined for Station now callfora quick-don mask within 4.6 m (15 ft)of

each crew member atany given time. We are currently lookingat the MAGIC

mask made by Intertechnique in France.

The next speaker isJim Waligora, who isvery well known inthe EVA and de-

compression sickness world.
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OverviewofEVAfor SpaceStation

WALIGORA: Hello. I'm Jim Waligora. I've been involved in the tests we've done at the Center

on decompression sickness, in atmosphere selection and limits on COo, etc. What

I'd like to talk to you about this morning is our anticipation of the number of

EVAs during Station operations, construction, and maintenance; the particulars

about the suit, suit pressure, the options for denitrogenation; and a little bit about

our assessment of the risk of decompression sickness.

The next planned EVA is on STS-49 early next spring. It will have three EVAs;

and, after that in early 1994, we'll have the mission to revisit the Hubble tele-

scope, which also will be a 3-EVA mission (FIG. 47). Those are the only missions

that we have firmly scheduled before the first assembly mission in 1995, although

I think it's quite possible that there might be one or two additional missions that

are not identified right now. During the same period of time, there are 10 un-

scheduled or contingency payload EVAs - that's an EVA that you practice and

plan for but does not occur unless it's required to support a payload deployment of

some kind, to support a failure in some system in the payload. We had one like

that on our last mission; the first EVA on that mission was of that type where we

went EVA to back up a deployment system. Also, on each STS mission there are

contingency EVAs to support the vehicle such as closing the payload doors; we

always train for that.

During Station construction, there will be from two to four scheduled EVAs per

construction mission. Once we are into STS, there will be up to 52 EVAs per year.

The range is probably between 12 and 52; every effort is being made to minimize
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the EVA activity, especially for maintenance, but we can expect that it might

approach 52. And SEI, we really don't know. You can read that as you will.

During the Station constructionperiod from the Shuttle that involves 17 con-

structionflightsbeginning in1995, we have the airlockavailable here afterthe

seventh flight(FIG.48). And as Isaid,each one ofthose willhave from two tofour

EVAs; most willprobably be planned fortwo, some ofthem for three. Each one

willhave the capabilityofbeing backed up with an extra EVA so that the range

will be 2 to 4 hours for each. So you're talking about 17 X 2 to 4.

We'll be using the Shuttle suitconfiguration with an operating pressure of

29.6 kPa (4.3psi).This suithas a hard torsoand the rest ofitissoftsuitcon-

struction.Ithas a liquid-cooledgarment, and you can see some indicationofthe

levelofflexibilityofthe arms and legs. The protocolfordenitrogenation has a

number ofoptions (FIG.49).In STS, we're talkingabout a 4-hour pre-breathe

from sea levelpressure oroptionsinvolving staged decompression. The basic

optionforstaged decompression in STS isa 1-hour pre-breathe prior toa 24-hour

stay at70 kPa (10.2psi)and then a 40-minute pre-breathe. The initial1-hour

pre-breathe istoprevent the formation ofany bubbles going to70 kPa (10.2psi).

Then there'sa 24-hour stay at70 kPa with increased oxygen pressure at28%, so

you'reequilibratingwith a nitrogen pressure of52 kPa (7.5psi)in thisatmos-

phere (FIG.50). Forty minutes pre-breathe occurs here at 70 kPa (10.2psi);most

ofthat isoperationaltime inthe suit,but we count itinas part ofthe denitrogen-

ationprocedure. And irmally,the exposure to29.6 kPa (4.3psi).
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For Station,we are looking at some modifications ofthat staged decompression

protocolwith shorter stays at70 kPa (10.2psi).The reason being that,at perma-

nent manned configuration,the Stationwillbe operating at sea levelpressure.

At the man-tended operation phase, the Station willbe operating at70 kPa

(10.2psi)and itwillbe atthe same basicpressure as the Shuttle during the

staged decompression. But, a permanent manned configuration isat sea level

pressure; it'sa big volume. We're not going tolower the cabin pressure forthe

Stationto70 kPa (10.2psi)priorto EVAs. The concept isthe campout procedure

that you'veheard about, and that'stogo to70 kPa (10.2psi)in the airlock. It's

calledcampout because there are no foodfacilities/wastemanagement facilities

in the airlock,and basicallyyou're taking some ofyour meals with you. Itmeans

that you'regoing tohave a reduced time at the stage - 8 or 12 hours. There's

some potentialforbubbling when going toa lower pressure,and we want tobe

very conservative inour firstpre-breathe toeliminate any possibilityofbubble

formation atthe beginning ofthisstage. So, ifwe go tosome pressure lower than

70 kPa (10.2psi),we've increased thisinitialpre-breathe. The initialpre-breathe

doesn'tdo you much good out at the end;that'snot very effectiveor efficient.

We believerightnow that the baselinewillbe the 1-hour pre-breathe up front,

with a stay of8 hours at thisstage and a pre-breathe of100 minutes before we

depress inthe suit.The carnpout procedure also involvessome other things. Bas-

ically,you'llbe sleeping inthe airlock,so much ofthisstage time iswith sleep

that may have some impact on the effectiveness.We're also going todo thiswith

shirtsleeves. There's no waste management system inthe airlock. The crew

members willhave toput a mask on, breathe oxygen, come back up tosea level,

use the waste management system inthe vehicle,go back intothe airlock,and
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closeit.You'reatsealevelnow,and itcostsgas togo to70 kPa (10.2psi)asa

stage.So,what we would do thenwould be tobreak pre-breatheand don the suit

atsea leveland make up thebreak inpre-breatheby a2:1factor.That break in

pre-breathewould be added tothe 100-minutepre-breathe,and you thendepress.

Breaks we'retalkingaboutrightnow areestimatedtobeas longas19 minutes,

soyou'dmake thatup witha 38-minuteadditionalpre-breathe,and thisgoesto

138 minutes. Totaltimeon some kindsofpre-breathegetsfairlylong.

We can talknow aboutour estimatesofrisk.They'rebasedprimarilyon our de-

compressionsicknessdatabasethatrepresentsover 1000 chamber exposuresat

laboratoriesatJSC, theSchoolofAerospaceMedicine,and Duke University(FIG.

51).They were alldone withmasks, breathingoxygen ina chamber withthe

chamber pressureequivalenttosuitpressure.Alltestswere done withthesame

average EVA work rateand duration.The work rateswere selectedtobe repre-

sentativeofEVA activity.They'reupper bodywork rates,upper bodyactivities,

but we do some activities standing, and we walk from station to station to do

these activities. The actual activities themselves are at the same metabolic rate

as EVA, but again we do have some lower body involvement in the course of this

exercise. The subjects were selected to be representative of the crew in physical

factors including age, physical fitness, and percent body fat.

There area number ofdifferenttypesofexposuresinthedatabaseand we've

used a nitrogenratiototrytobringthem alltogether.Basically,thedatabase

includesour valuesofnitrogentissueratiosoverfinalambient pressurevalues

from 1.1to1.8.These testsinvolvestraightpre-breathe,no pre-breathewith
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different pressure differences, and staged decompression. And, again we've used

the R or tissue ratio value to bring these together. This is the level of protection

that's prodded by the 4-hour pre-breathe and the staged decompression we've

been talking about.

You can see that we've got three curves here; one for detectable bubbles using a

Doppler bubble detector, the other for any level of decompression sickness in-

cluding very mild forms of decompression sickness or awareness in the knee, to

levels of decompression sickness that interfere with performance (FIG. 52). We

have continued our test exposures and kept people at chamber altitude through

detection of pain (constant pain) to the point where that pain began to interfere

with performance, so that it caused limping or favoring of a limb. We did this be-

cause we were concerned that, in fact, the mild levels ofdecompression sickness

would not be detectable in a pressure suit where a lot of things hurt. So we want-

ed to come up with a meaningful grade of decompression sickness that would be

clearly detectable in a suit. At that point, with the protection that we have,

that's about 4.7%. Using all of the available data points - and that's about 600

that we carried out to that point; some tests we had to stop early at different in-

vestigation sites so that we couldn't include those in the Grade 3 plot - but those

600 or so tests that continued up to a Grade 3 endpoint are shown in figure 53.

Again, about 4.7% here plus or minus about 3% (FIG. 53).

Thisdiagram (FIG.54) simplyshows the differenttypesofteststhatwe had;the

stageddecompressionprofiles,thezeropre-breatheprof'_es,and theoxygen deni-

trogenationprofiles.Thisisthebubblecurve.But,what Ithinkitshows isthat

itseems tofitthethreetypesofdataand allowsaparallellookatthedifferent
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grades of the symptoms. The scatter on this is scatter when you use a 360-minute

half-time tissue ratio to calculate your R values. We obtained the 360-minute

tissue by creating this same type of plot for an infinite number of tissue half times;

and we found that 360 just happens to bring the data together as well as any-

thing else (FIG. 55).

That's our chamber database. Now I'm going to talk about our operational

experience. We've done 15 EVAs and had no decompression sickness (FIG. 56).

The R values we've had have averaged 1.59 at a little bit less than our minimum.

The first one was done on a different protocol (1.8). Metabolic rates during these

EVAs average about 200 kCal/hr (800 BTU/hr). There was no reported decom-

pression sickness. The Russians have done 37 EVAs and their metabolic rates

are very similar to ours. You can see they're in watts, so you can take them home

and do the conversions (FIG. 57).

I can tell you that the metabolic rates are essentially the same as ours. They

have a higher pressure suit; it's a 38.6 kPa (5.6 psi) suit, and they've used the

same R value calculation that we do. They pre-breathe for only about 40 minutes

at the end. If you use R value as a measure of risk, their risk would be possibly a

little higher than ours (R values are around 1.8, average). You'll see that, in

same cases, there are two R values given. That's because the Russian suit has

the capability of going to a lower pressure. They've used that operationally once,

during a first EVA for a few minutes, and they've used it by accident a couple of

times and bounced back out of it. They're very much aware that, when they go to

this lower pressure, they're at risk of decompression sickness. They use it for a

very limited time period. Based on our chamber data, we're saying that we've
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WALIGORA:

(Cont'd)

got a 5% risk of decompression sickness with this protocol that's going to impact

performance and should be fairly apparent to somebody in a pressure suit. We've

had 30 of our own manned EVAs plus another 74 that the Russians have done,

and there have been no reported incidents of decompression sickness at compar-

able, provocative decompressions.

We're intheprocessofdoinga number ofthingstolookatpossiblereasonsfor

that.One possiblereasonisthatincidentsofdecompressionsicknessare notbe-

ingreported.Some oftheotherpossiblereasons:The Russiansbelievethat,in

fact,itmay bedue tothepressuresuitrestrictingthelevelofmotion and reduc-

ingtheincidenceofdecompressionsickness.They have recently,inthe pastfew

months,donesome work withan in-suitbubbledetector.It'sasimpledetector,

by theway,and theystoppedthetesttomake themeasurements; and,ifthey

weren'thearinganything,they'dmove the bodyaround untiltheycouldhear

something.Iftheystilldidn'thearanything,they'dgoon and getanothersub-

ject.But,theyhave done 12 experimentalrunsand seena 50% bubble incidence

inthesuit.Theircontrolisatthesame metabolicratewithoutthe suit,which

means thecontrolisgoingthroughmore motionstoachievethesame oxygen

consumption.Reallywhat they'resayingthe suitdoesislowerthenumber of

motionsandflexionstoachievea certainmetabolicrate.So,thereissome effect

here;butthesuitcertainlydoesn'teliminateallbubblesand,presumably,it

wouldn'teliminatealldecompressionsickness(FIG.58).

What we'relookingatisthepossibilitythatmicrogravitymay interferewiththe

productionofmicronucleipriortotheexposure.So,we have putpeopleinbed rest

fora 3-dayperiodpriortochamber test,and thenalsoduringthechamber test.
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WALIGORA:

(Cont'd)

We'd have them go through all the same activities on their back. We've just gotten

into that. We're doing a 20-subject crossover study with about 5 of the 20 done.

Both groups bubble, but it seems that the ambulatory people bubble considerably

more if you want to look at two people versus three people or that kind of thing.

We certainly will pursue this; and, as I said, some of the initial data (and we've

tried to convert the bubble rate to bubble volume) would indicate that, based on

the number of people we have done, there may be a difference in bubbling and

bubble volume at grades ofbubbles for the people who are bubbling (FIG. 59).

SPEAKER: Do you know what the unitsarelikeon theY axis?cc's?

WALIGORA: Dr. Powell,theunits?

DR. MICHAEL

POWELL: On theY axis,itwould becc'sper minute.

WALIGORA: But,that'susingsome approximation.That'susingsome conversionofbubble

grade tovolume thatDr.Powellisworking with.

HAMILTON:

.. °

Excuse me. Jim,you'vegotthepaireddifferenceson thebottomcurveinDoppler

score.How do theygetdown to6 where themaximum scoreis4?

WALIGORA: This isn'tadirectDopplerscore.It'sa Dopplerscorethat'sconvertedintoan

estimateofvolume. And so,thisisthedLfferencebetween thisand that.What

we'retalkingaboutnow ishavingsixpeopleambulatory,fivepeoplebed rest.

Two ofthefivepeoplebubbled;threeofthesixpeoplebubbled.So,we'renot
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WALIGORA:

SPEAKER:

talking about much. So far,itlooks as ifthe people who are bed restedmay bub-

ble at a lower grade. And the other thing isthat,they do bubble. What we have

said isthat,"Our best estimate ofrisk isour clean database of 1000 people in the

chamber." We have said that,_This iswhat we should use." And, we have also

said that,'_rhat'stoohigh, that we ought togo tosomething lower." We have

gone toprogram omces, and we are not going togo toanything lower. So, this is

the riskthat has been accepted: 5% impairment per EVA per person (FIG.60).

From that,what may be more important isthatfrom our data itworks out tobe

about a 2% riskofsymptoms that were not resolved and returned toambient

pressure, and 1% thatresulted in systemic symptoms. So, that'swhat we should

be planning on when we consider these numbers ofEVAs. Admittedly, we may

fred there are some other factorsin EVA thatare giving us lower values,but I

think that thisiswhat we should be doing. Yes, sir?

A couple ofpages back, you were talking about the Russian EVA experience

versus the United States,and you were saying something tothe effectthat the

mobility ofthe suitduring EVA ought tobe decreasing the chance ofbubbling.

During our pre-breathe in the chamber, Idon'tknow ifyou stilldo itornot,when

an astronaut opts tositinthe suitfor 4 hours,every 15 or 20 minutes we ask him

toget up and move around. Isthat kind ofgoing against theirtheory,ordo they

do the same thing on a pre-breathe type basis?

WALIGORA: Their pre-breathe issoshort - 20 to40 minutes - that Idon'tthink that'scritical

on theirdata. Another piece ofdata Ididn'tmention isthat we do allkinds of

operational chamber runs. Out ofabout 120 operational chamber runs with sig-

nificantexercise thatwould be comparable tothis,we've had two decompression
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WALIGORA: sickness hits.We happened tohave them one afterthe other. Itseems to fit some

kind ofpattern. But, because ofthat we investigatedand did a lotofthings. One

thing was, we did implement the advisory that we have that people move around

once every 10 or 15 minutes.

SPEAKER: But, that'sto cut down on the rate ofbubbling.

WALIGORA: That'sactually todo two things: tomake sure we don'tget stagnation ofanything

inthe suitduring the purge; and the other more important thing isthat we have

them moving theirjointsand so forth sothat they'regetting,perhaps, better

perfusion in differentareas.

SPEAKER:

WALIGORA:

Can you put your lastslideon, please? That seems high, the I and 2%.

Yes, itdoes. And, itkind ofsurprised me when we worked itallout;but that's

what we got. !think that'sbecause most ofthe people we've treated,most of

these people have not necessarilybeen Grade 3 people. Because we've had 5% of

the people that had Grade 3 symptoms, but infactthe Grade 3 symptoms are not

the people that we've had totreat. Because once they go toGrade 3,we take them

out. The people we've had totreataxe the people atGrade 2,and eitherthe symp-

toms didn'tgo away when they returned toambient pressure or they suddenly

went from some leveloflimb bends tosystemic symptoms.

SPEAKER: When they recurred?
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WALIGOKA: Yes.Andthat'sbasedonourownJSCdatabase.It's modifiedalittle bit. Most

ofourtestsareat alowerRvaluethantheoperationalone,becausewewere

lookingfor waystolowerrisk, andsowewerelookingat, "Howeffectiveis lower-

ingthepressuredelta,andhoweffectiveis increasingpre-breathe,etcetera?"So,

alot ofourdataareatlowerRvaluessothatthis iscorrectedwith theRvalues.

PILMANIS: It'shard to compare because at Brooks we've come down on Grade 2, not Grade 3.

But in the last year, out of 77 bends cases, only 6 required hyperbaric treatment.

The others resolved by returning to ambient pressure. So that's 10%.

WA.LIGOR_: Yes. But, we didn't have 5% bends; we had about 25%.

BOVE: Jim, what's the scenario in terms of time of exposure to 29.6 kPa (4.3 psi)? These

are long exposures, aren't they?

WALIGORA: Yes, they're 6 hours.

BOVE: So, you're assuming that the exposures will stay the same as you work these

things out? Because one way to reduce this obviously would be to shorten the

exposures.

WALIGORA: Yes. That might be useful for emergency contingency EVA: you had to go out to

save the vehicle and suddenly you only had 2 hours to pre-breathe. You'd want

to shorten that EVA as much as possible. But, I don't think it makes much differ-

ence between 4 and 6 hours.
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BOVE: The planistohave 6-hourwork shiftsgoingout,though,and Iguessthat'swhat

you'rebasingyour trialson.

WALIGORA: Well,thebackpack basicallyhas a 6-hourcapability,and we'llprobablyleaveit

atthat.

SPEAKER: The lasttime we had thismeeting,which was inthesummer, therewas a lotof

talkabout anew 56 kPa (8psi)suit.Has thatdisappeared?

WALIGORA: Yes. It'sstilloutthere,possiblyforapermanent manned configuration.It'sin

theRTOP activity.

STEPHANIE

TRAUSCH: Iworked on thatprogram,and they weredevelopedand evaluated,but theyare

notfundedforSpace Station.But,we'vegotthem up and functioning.

WALIGORA: You see,when we had thatsuit- thisisasad story- we didn'twritethe specs

sayingwe had tohave a 56kPa (8.3psi)suit.We wrotethe specssayingwe had

tohave a certainlevelofprotection,and thatyou couldmeet thatprotectionby

a 56 kPa suit.Itwas a greaterlevelofprotectionthan this.And, when we threw

away the 56 kPa suit,theysaid,"Obviously,we don'tneedthatlevelofprotection

either."So,it'shard toprotectyourselffrom derisionlikethat.

HAMILTON: Inthesedata,how do you accountforthe reportingornon-reporting?These

are allchamber testsand peoplepresumably reportedallthe decompression
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HAMILTON:

(Cont'd)

symptoms; whereas, inactual EVA, you may stillend up with the same 1% risk

ofthe systemic system, because those are going tobe hard toconceal.

WALIGORA: Yes, and that'swhat we don'tknow.

HAMILTON: They probably willbe lower in actual practice.

WALIGORA: That's what we don'tknow. Ithink that at leastsome ofitisa reluctance tore-

port,and we don'tknow how much. Not only a reluctance,because thatimplies

you have people lying,and I'vegotten into a lotofhassle about that. But in real-

ity,the limb bend symptoms that we have are symptoms that people have felt

before. And, ifyou feelthem ina suitand you don'tknow ifit'sbecause ofdecom-

pression sickness or something else- and you know ifyou reportit,it'sgoing "tobe

assumed that it'sdecompression sickness - you have a certain reluctance todo

that.

SPEAKER: I'veworked on an experimental dive myself, on one ofthe 4 hours for400 fttables

the Navy used that turned out tohave disastrousresults,but fortunatelynot in

my case. As part ofthat,I wound up with some jointpains that were kind of

unclear. It'shard totellwhat itis.Thinking about itlater,itprobably was DCS.

WALIGORA: Even with myself as a subject,I'vefeltthisinclinationnot toreport.So, I don't

have myself asa subjectanymore. But, Ican fullybelievethat many people

don'treport everything,even inour tests.
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SPEAKER: Ihad otherpains on that same dive,the compression arthralgiasthat hurt a whole

lotworse.

WALIGORA: Yes. And, there are a lotofother sources ofdiscomfort ina pressure suit.

WORKMAN: You'llnever overcome the reluctance toreport.

WALIGORA: Certainly.

WORKMAN: Imean, it'sa given fact.It'sthere.

SPEAKER: Itonly getsreported when you can'tignore itanymore.

WORKMAN: Well, that'strue. But those borderlinecases,human nature says,_Nell, I'll

ignore it."

WALIGORA: Any other questions?

BARRATT: Thanks very much. We're obviously somewhat behind schedule,so we'lltry to

bump thingsup a bittoensure adequate time forDr. Norfleet'spresentation.

NORFLEET: It'sgoing tobe audience participation.
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DCSTreatmentScenariofor Space Station Freedom

BARRATT: Now I want to introduce Dr. William Norfleet, who most of you actually know.

He was my immediate predecessor as hyperbaric subsystem manager with

KRUG Life Sciences. I've asked him to talk a little bit about the treatment

scenario, what would actually be involved in chamber use over a spectrum of

conditions.

NORFLEET: As Mike says, I've been on the research side of things for about 7 months. Prior to

that I was working with Joe Boyce, mostly dealing with program managers and

restructuring efforts and, as you can see, I've nearly completely recovered from

my injuries. Joe Boyce is convalescing in Albuquerque, and he says, "Hello."

What I'd like to do here is just go through a little bit of discussion about possible

(in fact, highly likely) scenarios. There is nothing here that is off-the-wall. This

is simply an effort to try with this group to spend a few minutes and go through

in a step-by-step fashion a little bit of discussion about: how we would use this

facility, some of the decisions that might need to be made, just to see if there are

any really gross things that have been missed to this point. To start off with, we

can talk about a crew member who's out doing an EVA. He develops some pain.

We'll start out saying that, at 3 hours into an EVA, a crew member reports mod-

erate pain in his left shoulder. At that point, is there anything else that want to

know? Is there anything you would like the crew members to do? And, do you

consider aborting at that time? Pain in the left shoulder. Any problems with

that? Any comments on that at this point?
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BOVE: I think somebody ought to point out, though, the fact that, as in diving, you want

to really know if the guy did anything. Did a truck just run over his left shoulder,

or did a meteorite hit his shoulder? There are a lot of questions you want to ask

him. Did he do something strange to his left shoulder? Because if it's just a mech-

anical injury, then it's a totally different scenario. He may still be disabled from

a mechanical injury, but he should come back; it changes your way of doing things.

So, the key is to find out if this just sort of evolved spontaneously or whether he

did something to his shoulder that may have induced an injury. You want to

know if he has an arrow or a knife sticking out of the back of his pressure suit.

NORFLEET:

SPEAKER:

Do you think that itwould be important tobe able to talkdirectlytothe

crew member without having togo through some intermediary likecapsule

communication?

Immediate communication with a flightsurgeon would be mandatory, Iwould

say.

NORFLEET: So, you'd want todef'mitelybe talking directlytothe crew member.

HAMILTON: You're talkingabout the person on the ground who's making thesedecisions?

NORFLEET: Yes.

SPEAKER: I agree.
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BOVE: I feel like you definitely have to ask if there's a knife sticking out of his pressure

suit.

NORFLEET: Yes. Go back a little bit and say, "Pain interferes with the work. The crew mem-

ber returns 10 minutes after recompression to the 70 kPa (10.2 psi) pressure of

the Station, with the crew member in the suit, so that's an additional 29.6 kPa

(4.3 psi). The pain is entirely gone." So, back on the Station, recompressed,

10 minutes, pain is gone.

HAMILTON: He intentionally stays in the suit after returning to pressure?

NORFLEET: Yes.

HAMILTON: How long would that normally carry on? How long would he stay in the suit,

where he'd have the extra 29.6 kPa (4.3 psi)?

NORFLEET: Well, that is a possible option.

HAMILTON: Would he normally wait 10 minutes?

NORFLEET: Idon'tthink he'd wait that long. It'stoo bad Richard Fullerton'sgone, because

he might have a lotofadditionalinsightintothis.But generally,you'd be go-

ing ahead and gettingout ofthe suit.But, that isan option. Some ofthe possible

courses ofaction that you could take would be: you'd have no change inthe rou-

tine;oryou could hang on the wall,that is,stay insuitand justhang out inthat

situationfora period ofseveralminutes. There isan option ofover pressurizing
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NORFLEET:

(Cont'd)

the suitto an additionalpressure that disablesthe suitfor furtherEVA work,

but that/s an option.

BOVE: Idon't think there'sany advantage at alltogaining another 29 kPa for treat-

ment. Ithink the key here is,in thisscenario,you go back toa surface pressure,

just about 101 kPa (14.7psi);it'sa pain level.It'slikean altitudedecompression

sickness where you bring him back tosurfaceand the pain goes away. The ques-

tion is,_What do you do then?" Ithink most people would say,"Okay, you ought

not togo back toaltitudeinthe next 12 to15 hours anyway. You wait a day and

go back then." So Ithink,afterthe second pointhere, 101 kPa (14.5psi),the pain

goes away, it'sessentiallya factorofsurface pressure; ifthe pain isgoing,you

probably ought toget out ofthe suitand not do anymore EVA that day.

NORFLEET: Now he'sbreathing 100% oxygen atthat point;and some hypobaric chamber

facilities,when somebody has developed symptoms, have a period ofan hour

or 2 ofoxygen breathing afterthe event.

BOVE: Do you put them rightback towork?

NORFLEET: No.

SPEAKER: No. At thispoint,you say,"Okay, come in and take a break forhalfa day or

something likethat."

PILMANIS: The standard is2 hours ofpost-breathing on this,ifeverything clearsatground

level.
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BOVE: Yes. The point is that, _fhe clears, even if you did the post-breathing, you

wouldn't just send him right back out on the EVA. I think you'd want to wait

until the next day.

NORFLEET: IfI could put that issue aside for just a few minutes, we'll get to that in a little bit

more detail. But at this point, would you keep him in the suit at that pressure for

an hour or 2?

PANZARELLA: I just want to bring up a point here. If you keep him in a suit, you do have a limit-

ing consumable. Your CCC cartridge is only good for 7 hours. So, you've got to be

careful about your oxygen.

BOVE: There's no logic to keeping him in the suit. If he had real decompression sickness

that interfered with his work and he was asymptomatic on return to 1 ATA of

pressure, basically his work is done for that day.

PILMANIS: There is.Because, ifyou take him out ofthe suit,you'regoing up to3050 m

(10,000ft),that'srelativetoground level.

BOVE: That's really for how long? A couple of minutes? You can get him right back

inside the main cabin.

HAMILTON: That's the pressure of the main chamber and ofthe entire Station. We have

different phases in different years; we start out with a Station pressure of 70 kPa

(10.2 psi). So, you've got him going down to pressure and then coming back up

again. You're re-exposing to altitude.
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NOEFLEET: During theinitialphasesoftheStation,untilabout 2000,it's70 kPa (10.2psi)all

thetime.Afterthat,itmay be70 kPa (10.2psi);itmay besea levelpressure.I

thinkthesmart money atthistime isguessingthatthe Stationwillremain at

70 kPa (10.2psi).But,that'sa guess.

HAMILTON: One otherfactorthatentershereinterms ofleavinghim ina suit:If'hestaysin

asuitand he'son oxygen atclosedcircuit,you'reconsuming verylittleconsum-

able.You takehim out,you'vegottoputhim on oxygen;now you'reburning

oxygen up ata huge rate.

NORFLEET: That'strue.And, thereisapotentialadvantage toleavinghim inthesuit-

perhapspreventinga recurrencethatwould thenperhaps needtobe treated

withhyperbarictherapyand would be,atthatpoint,a bigconsumableshit.

So,withtheseissuesout,would we leavehim ina suitfor2 hours?

PILMANIS: WeU, again,ifyou lookatthestandard,nobody rightnow, atleastinthe Air

Force,would everdream oftakingsomebody back up to3050 m (10,000ft)after

they'vebeenbent.Even after2 hourspost-breathing.So,you'rekindoflockedin

a situationwhere Idon'tknow how you'regoingtogethim outofthere.

HAMILTON: You do havea personwho'sequilibratedatthatpressure(3050m) tostartwith

once hegetsintohisEMU.

PILMANIS: True,butit'sstillgoingup 3050 m (I0,000it).

HAMILTON: Itisand itisn't,becausethat'swhere you startedfrom.
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PILMANIS: Well, it's still going back to altitude.

HAMILTON: We'd have to give you that.

PILMANIS: Summarizing, you pressurized to sea level for 2 hours, he has gotten better, and

at the end of 2 hours you took him to 70 kPa, removed the suit, and remained at

70 kPa.

Bow: I don't think you have any choice. You've got to get him out of the suit at some

point; the poor guy will probably want to go to the bathroom at some point, after

all. And so, after somewhere out of post-breathing, you've got to take him out of

the suit. My guess is that, if you really denitrogenated the guy fully and oxygen-

ated away the bubbles, you'd do okay at 3050 m (10,000 ft). If you didn't, you'd

have to go back in the chamber and treat him.

NORFLEET: Let's break this into two scenarios very briefly. Let's initially take this one:

MTC operation; the Station pressure is 70 kPa (10.2) psi all the time. Back in the

airlock; recompressed back to 70 kPa plus suit pressure; pain is gone. Leave him

in the suit for a period of time?

STEGMANN: Did his pressure resolve at 70 kPa (10.2 psi) or did it not resolve? When you had

a complete pressure of 70 kPa (10.2 psi), was his pain gone?

NORFLEET: His pain resolved during repressurization.

WORKMAN: You have a combined suit and ambient pressure of 70 kPa (10.2 psi).
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STEGMANN: And was itclearatthattime?

WORKMAN: Then attheend ofthatperiod,you can takehim outofthesuit.You don'thave to

worry aboutdecompressinghim becauseyou'veonlycompressedhim toa totalof

70 kPa (10.2psi).

NORFLEET:

BOVE:

That'strue.That/sthe scenario.You'dgofrom an ambient pressureofzero,

withsuitpressureof29.6kPa (4.3psi).Thisgoeson for3hoursduringEVA.

You thenrecompressintheairlock.Ambient pressuregoesto70 kPa (10.2psi).

The pressurethatthisindividualisexperiencinggoesto24.6kPa (4.3psi)plus

70 kPa (10.2psi),sothatis100 kPa (14.5psi).And, thereyou are.Eventually,

you'regoingtowant togetback to70 kPa (10.2psi)sothatyou cangetoutofthe

suit.At thispoint,remember; there's100% oxygen.

The problem is,you'vegottogetoutofthesuit.You don'thave achoiceon that

topic.There'salimittothetimeyou can leavetheguy inthesuit.

NORFLEET: Thiswas 3 hours.And thena durationof3to4 additionalhours.So,an option

would be?

BORE: Post-breathefor2½ hours.

REIMERS: What you might want todo isthis:you goto100 kPa (14.5psi)orwhatever is

actuallythepressureuntilthesymptoms goaway. I'dwaitsome reasonable

amount oftime,maybe 30 minutes,goback to70 kPa (10.2psi),and leavehim

inthesuit.You can waittherefora while.Ifthesymptoms don'tcome back,you
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REIMERS:

(Cont'd)

begin to feel pretty good; "Hey, this is cleared up." If they do come back, you're

still in the suit, you can go right back to 14-whatever. The name of the game is

to stay out of the chamber.

BOVE: Yes, but you're losing time on the suit.

HAMILTON: I like the idea of getting the full benefit of breathing that cheap oxygen. You've

got a good chance of avoiding a chamber treatment if you hold in this 100 kPa

(14.5 psi) as long as you can. That's not a treatment pressure. But for the situa-

tion you're in, you do have a chance to resolve it completely.

REIMERS: That's your best bet, staying there.

SPEAKER: I have another question, though: What happens to the other EVA crew member

when you're nearing the end of an EVA and this happens? The other crew mem-

ber's going to stay and wait outside? Or, does he come in?

NORFLEET: He comes in.

HAMILTON: It wouldn't hurt to have the other crew member go through the same pattern all

along if it doesn't matter. Can you get the other crew member out?

NORFLEET: Yes.
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BUCK: When they come back in,they come into the equipment lock;that'sstandard pro-

cedure,todoffthe suits.When you come back up to70 kPa (10.2psi),you just

have one guy stay inthe suitand the other guy can get out ofit.

REIMERS: There's nothing tobe gained by keeping a guy who's not bent in a suit.That'sjust

making work foreverybody.

PILMANIS: Why did you go to I00 kPa (14.5psi)in the firstplace?

WORKMAN: Why not just go toa totalof70 kPa (10.2psi)?Then you don't have toworry about

going through that essentialre-exposure back to70 kPa (10.2psi).

HAMILTON: That's something we don'tknow. Fred says,and I agree with it,that that extra

20 or 30 kPa (3or 4 psi)isnot going todo you a whole lotofgood as a treatment.

But, 2 hours ofoxygen breathing at that pressure willdo you some good.

STEGMANN: But, you can repressurizethe chamber to41 kPa (5.9psi)and leave him in the

suit,post-breathe him, and then depress the suit,bring up the chamber, and

then you're at 70 kPa (10.2psi).

HAMILTON: Isee that algorithm. In other words, you don'tuse that littleextra pressure and

then you avoid the shock oftaking him toaltitudeafterhe comes out.

WORKMAN: It's the oxygen that is your beneficial effect.
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HAMILTON: Yes,the oxygen from the suit is available. You've already used the suit; you're

going to have to recharge it anyway. So, take that extra 2 hours of oxygen as

basically free. A chamber pressurization is certainly not free.

BOVE: Well, part of the message is that the chamber operator better learn to stop at a

net pressure of 70 kPa (10.2 psi) and see what's going on first before he goes to

the 100 kPa (14.5 psi). If he finds out symptoms are relieved at 70 kPa (10.2 psi)

total, then you ought to stop there and go on and stay on the oxygen for an amount

of time, depending on whatever is left in the suit.

WORKMAN: And, you can bring him out without penalty.

BOVE:

STEGMANN:

That's right.

A chamber pressure of 39.3 kPa (5.7 psi), I think, is what you're talking about.

WORKMAN: And that, combined with the suit pressure, comes up to 70 kPa (10.2 psi).

BOVE: Now the only other problem with that is your other guy is going to have trouble

getting out of his suit at 35.8 kPa (5.2 psi}.

WALIGORA: Bill, is that the way it really works? I thought when you repressed your suit, it

was not pressurized anymore. At the normal repress, do you end up with a pres-

surized suit or not?
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NORFLEET: On a normal repress,you end up with a repressurized suittothe best ofmy know-

ledge,yes.

WALIGORA: That's something we might want tocheck on, but Iwas under the impression that

you didn't,and, ifyou didn'tresolve the symptoms, then you could pressurize.

PANZA.RELI_: When you repress, you do go all the way to 29.6 kPa (4.3 psi); there's a 29.6 kPa

(4.3 psi) differential, and then they'll drop it down to 8.3 kPa (1.2 psi) and go into

the IV position. And then they'll talk and let the suit bleed down with the purge

open.

BUCK:

PANZARELLA:

So, as a normal operation,the guys are always going up toI00 kPa (14.5psi)and

coming down.

Yes, the suit istracking 29.6 kPa (4.3psi)above whatever ambient pressure is.

They're always going tobe above ambient.

BOVE: The only concern here is,what todo with your other crew member, because he

can'tget out ofthe suitby that time. Wherever you go with this,it'sa problem

because, ifyou have two people in there,one ofwhom isbent and the other can't

get out ofthe suit,you're going to have toput another guy inthere at 41 kPa

(5.9psi),so you may be compounding the problem by tryingtohold the lock at

41 kPa (5.9psi).

NORFLEET: Would you resolveittodo essentiallya testofpressure ata totalof70 kPa

(10.2psi)at the patient'ssurface,atthe patient'sskin? Repressurize the crew

170



NORFLEET:

(Cont'd)

lockto 70kPa(10.2psi)minus29.6kPa(4.3 psi) for a period of 10 to 20 minutes

or whatever, and then call that your test of pressure; and then come back?

BOVE: The question is, what if he passes the test of pressure? Then you say, "Okay,

we're going to keep the lock at 41 kPa (5.9 psi)." Now the other guy can't get

out of the suit, and you can't lock somebody else in at that altitude. You're really

getting yourself into a bind. I don't think there's any simple way you can solve

that. The logistics solution is to put the one guy at 70 kPa (10.2 psi) plus 29.6 kPa

(4.3 psi) and get the other guy out of the suit. If you want to, you can lock him out

and bring another tender in to take care of the other crew member that's in there

and let him breathe oxygen for the duration of the suit is remaining oxygen sup-

ply, take him out of the suit and take your lumps, whatever happens. If he gets

bent again, you're going to have to treat him. If he doesn't get bent again, then

you go back to 70 kPa (10.2 psi), and you're home free.

STEGMANN: What if you were to lock in a tender at 41 kPa (5.9 psi)?

SPEAKER: But, then you have to bring a tender at fairly significant altitude, and that guy is

likely to get bent.

BUCK: You could bring one guy intothe equipment lockand leave the bent guy inthe

crew lock. But, then what happens?

BOVE: You don'twant toleave an injuredcrew member inthe lock by himself. You need

a tender inthere.
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BUCK:

BOVE:

Right. How do you bring someone in at 39 kPa (5.7 psi), then?

That's the whole question. You see,you get yourself intoa very bad bind if you

want to run that lock at 39 kPa (5.7 psi).

STEGMANN: Yes, but ifyou've got somebody ina suit,you're going tobe doing precious little

patient care anyway, aren'tyou? Itseems that'skind ofa moot point.

Bovz: Well, letme put itthis way. Ifyou were sittinginthe suitand something hap-

pened toyou, would you rather have somebody out there looking at you ornot?

STEGMANN:

BOVE:

But, you'regoing to have torepressthe chamber to70 kPa (10.2psi)anyway in-

stead ofgettinghim out ofthe suit,so by then you can bring somebody inthez:e.

Well, it'snot a good way tomanage what we consider an injuredcrew member.

Normally, ifyou have an injuredcrew member ina chamber you have somebody

in there with them. The contingencies are such that things may happen too fast

foryou toget in there in time todo anything. Iguess that'sthe way we think

about itanyway.

NORFLEET: Okay. Can we move on? We've at leastidentifiedthe issuesthere. Take the

next scenario.Pain interfereswith work; the crew returns,so we're at that phase.

Thirty minutes afterrecompression to70 kPa (10.2psi),pain persists.For the

purposes ofthisdiscussion,assume that you've decided togoahead and take

him out ofthe suit. He stillhas pain,and you have an unsuited crew member at

70 kPa (10.2psi)in the equipment lock. The neurologic examination isnormal,
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and the hyperbaric airlock - that is, the crew lock - is ready to go. Is there any-

thing you want to do prior to starting a treatment?

HAMILTON: Go to your bunk and get a comic book because you're going to be in there a few

hours.

BOVE: You ought to give him two aspirin and all go out to dinner.

BUCK: I have a question. For a scenario like this, how do we consider the use of the

CHeCS equipment - of all the portable equipment? Do you bring that into the

work flow when something goes wrong?

HAMILTON:

BUCK:

Isn't that embedded in the HAL being ready?

No, it's transported in from the node. So if you wanted to put it in there prior to

treatment, you could.

HAMILTON:

BUCK:

So that follows,though. That'spart ofyour HAL checklist,though.

But, that'sthe question. In thiscase, isit? Do we need tobring inallthatequip-

ment, or isthatjust unnecessary in thiscase?

BOVE: No, I wouldn't bring it in. What I would do is put it outside. You've got a medical

pass lock you can pass things through, so there's no use cluttering the thing up.

You could have it standing by outside the hatch in case you needed something.

A limb bend, as Bill said, means you get your comic books and you sit there and
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BOVE:

(Cont'd)

read while you're breathing oxygen. Most of these people have no problems at

all. You might want to make sure you have a liter or 2 of water for him to drink

and a urinal so he can relieve himself, and maybe put some of that emergency

equipment just outside the hatch. No use piling it all in there with him because

you're going to get it through the pass-through lock.

HAMILTON: Hydrating him and things likethat are part ofthe treatment.

SPEAKER: Iseverything placed in that kitthat'ssizedtogo through the pass-through lock?

SPEAKER: Yes, itis.

.NORFLEET: Point ofinformation: When you do go over and look atthe crew lockinthe mock-

up, justkeep that scenario inmind and picturesome EMUs and a bunch ofjunk

piledinthe equipment lock. It'snot reallyconfirmed by a fullmockup yet,but

my impression ofthe crew lock isthat,especiallyrelativetoa lotofcommercial

chambers, it'sactually quite roomy. And, when you put zero g in there with

increased utilizationofvolume and fillthisup with junk and people and a lotof

activity,thismight actually be a littlebitmore usable volume than you might

otherwise assume.

BUCK: Iguess my question was geared mainly toward the time. Do you want totake

that time tobring allthe stuffin,ordo you just want toget the guy inthere and

pressurize?

SPEAKER" Ifyou want an IV?
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SPEAKER: No, you don'tneed an IV foraguy likethis.

STEGMANN: Well,what ifsomething goeswrong,though? The guy inthechamber probablyis

goingtohave a bad veintogoforand he'snotabletohelp.

BARRATT: We've actually done some thinking that's established a need for placing an IV.

Although the event of needing it is very unlikely, the difficulty in placing it is

very high. We have found on the SLS-1 flight that it takes three people to do a

simple phlebotomy effectively - one being the person who's donating.

HAMILTON: And two to hold him down, yes.

BARRATr: Somebody holds the needle stationary and they move the patient onto it. But

seriously, we'll be doing a course of simulation studies and trying to discern this

need a bit better; but I think that IV access is probably one of the things we would

baseline, even for a simple case.

HAMILTON: Well, if it is really difficult, then you'd want to do it ahead of time. On the other

hand, from my point of view the IV for a pain-only decompression situation is a

complication that you don't need.

BorE: The way we might do it would be to put what we call a heplock in -just put a

little short needle in the vein, cap it off, leave it there in case you need it, and let

them drink the fluid. People absorb better, and it helps to give them fluid orally

and have the vein access available if you need it.
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BARKATT: Yes, that's very similar to what we're planning. A very small, simple IV that

doesn't use up a whole liter of fluid every time you place it.

BOVE: Well, you don'teven have tohook them up. You can flushthem with a little

syringe sometime, once every 2 hours, and you don'teven need toput a bag up

there. Because once you put a bag up, you've got a complication ofwatching it

and making sure itsrunning ornot running and allthe restofit.These little

short heplocks justgo in,they sitthere,you tape them over,and the patient

doesn'teven know they'rethere. You flushthem once every 6 hours, actually,

tokeep them patent;that'sallyou need.

NORFLEET: Ithink that thisissue may end up being solvedsort ofby itselfas scenarios are

gone through during actual simulations,particularlyregarding how long ittakes

toconfigure the crew lock forhyperbaric operations. We don'tknow that at all

yet. Courtney, maybe you have some more recent information. But, ifittakes

30 minutes todo that and you'resittingaround? Well, sure,Ithink everybody

would say, "Just throw in the heplock."

r_

BUCK: The other thing is,there are certain items that we know we need inthere;for in-

stance, the masks have tobring those and they have tohave them tobreathe

oxygen. But as far as crew restraintsgo, the one restraintthat we're planning

on having inthere isthe medical restraint where you have the guy ina supine

position. Do we want that inthere,or don'twe want that inthere?

BOVE: Again, not fora limitedcase. Most treatment islimitedtowhat you do ina

lounge chair.
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STOLLE: A lounge chair is one thing you can't get through a medical lock.

REIMERS: There's been quite a lot of discussion about how to deal with oxygen-breathing

time after a guy comes in. How do you do the oxygen pre-breathes? How are

those done?

NORFLEET: There are two types of them basically. One of them is the 1-hour period prior to

the staged decompression method, and that is done usually with a mask of some

sort. On Station there probably will be a common mask that will be used for that

purpose as well as, perhaps, for fire-fighting uses and non-respirable atmosphere

uses. Now in the suit, just prior to decompression, the suit is purged.

REIMERS: But, my point is the following: Somebody is bent and has come in in a diving suit.

The longer you think about it, the less likely you are to have anything to do with

leaving him in that suit because, first off, you've got him in, and he's got DCS.

Things can go from bad to worse fast in that kind of situation. You've still got

him in his suit, and now you've got to get him out of the suit before you can think

about repressing him in the chamber. So, I have this feeling that the thing you're

going to want to do is get him out of that suit to where you've got access and, if

something happens to him, you can deal with it. Part of the reason for keeping

him in the suit is oxygen conservation, but if you're already set up for doing oxy-

gen pre-breathes, that's just not an issue. You could use the same equipment

that's used in pre-breathes for administering oxygen afterwards.

NORFLF__T: Yes. Probably what would be used would be the BIBS mask. This would be one

of the first things to be set up, because it has overboard dump.
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REIMERS: What are you doing with the oxygen on the pre-breathe? Are you overboard

dumping that?

NORFLEET" No. That's probably going togo into the atmosphere. But, the volume ofthe

Station issuch that itdoes not significantlyimpact the atmosphere gas mix.

REIMERS: It'sno differenthere. Indiving decompression sickness ifyou get bent, ifyou're

atsaturation,you go back tothe depth ofyour saturations: 70 kPa (10.2psi)is

saturation depth here.

NORFLEET: That's right.

BOVE: Well, it'sa littledifferent,though, because the saturation depth in that case is

going positive,which would compress the bubble. In thiscase it'sgoing negative,

which would allow bubbles to expand. The only differenceinthe two situationsis

this:Trying toreturn toyour saturation depth, inthiscase,isgoing in the direc-

tionofmore gas expansion rather than lessgas expansion. So, there'sa littledif-

ference. You'd liketogive thiscrew member the advantage of 100% oxygen in a

post-breathe and have him stable. I'm thinking ofthisscenario: Ifthe pain was

there at 70 kPa (10.2psi)and you ended up at 100 kPa (14.5psi)and you got

controlofhis pain, you'regoing togive him oxygen tobreathe. What do you do

then? He's in the suit.The other thing he could do would be tobring the cham-

ber to100 kPa (14.5psi)and put him on a BIBS mask. Now, you're stilldiving

the chamber and you have to go through allthe scenario. In a sense,you still

have to geteverything activated atthat point. Maybe that would be the interim
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solution: Bring the chamber to some small pressure that would get control and

let him breathe oxygen as though he were on the surface.

PILMANIS: I guess I'm missing something here. When he comes in, he's been at 29.6 kPa

(4.3 psi) and the Station is at 70 kPa (10.2 psi). As you're pressurizing, why can't

you bleed the suit so he ends up at 70 kPa (10.2 psi} and then take the suit off?.

NORFLEET: You could essentially do that.

SPEAKER: Yes, you could do that if you wanted to.

BovE: The key is that, if the bends symptoms were there at 70 kPa (10.2 psi) and you

could have them go away at 70 kPa (10.2 psi) plus 29.6 kPa (4.3 psi), what do

you do then? That's the real question. Of course you get back to 1 ATA.

PILMANIS: I wouldn't look at it that way. If you take him out of the suit at 70 kPa (10.2 psi)

and the symptoms persist, then you dive him.

STEGMANN: How long does ittake for somebody who's incapacitatedtoget them out ofthe suit

without theirassistance? Can thatbe done in the crew lock,and can itbe done in

the equipment lock?

NORFLEET: Getting out ofa suitisgoing totake the help ofunsuited crew members. And so,

thatwillbe done inthe equipment lock.The answer tothat isknown betterby

people who do EVA work, but it'sessentiallyvery fasttopop the helmet. To get

somebody out ofthe restofthe equipment takes longer.To get tothe airway is
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pretty quickly. I believe that, in scenarios that involve getting around the limit-

ing orifices and depressurizations, they get to a certain point and they pop a glove

and then they pop the helmet.

BUCK: Itcan be done rather quickly. In documents, thiswill always be done inthe

equipment lock. There's reallynot room inthe crew lock,and besidesyou're

obviously going toneed help. You've got tobring the equipment lockback to

Station pressure toequalize and get your unsuited crew members thereto give

some aid.

NORFLEET: Can we move on? After 20 minutes at 285 kPa (60 fsw),pain isgone. Treatment

Table 5 or 6? Do we use ancillary therapy orfluids? You can'tdo orthostatictol-

erance test.Idon'tknow what happens topeople in microgravity when they get

intravascularly depleted. Idon'tknow ifthey just do f'me untilthe ventricles

suddenly are empty and then they justcatastrophicallygo bradycardic.

Bovz: Itrarely gets anywhere likethat. Most ofthe fluidlosshere isplasma losswith

hemoconcentration. Itmight be 15% or 10% ofthe totalplasma volume. We're

not talking about that,unless he'sfrankly bleeding and could go intoshock and

there'sno blood leftto circulate.But, that'snot what would happen here. What

you're reallytryingtodo isreplace fluidstoprevent sludging and hemoconcen-

tration. So as Isaid,unless there was an obvious injurywhere there was blood

loss,the fluidleak isnot as much a problem of severe shock (unlessitwas a mas-

sive blowup) as itisofgetting the hematocrit and plateletsback tonormal again.

So again, with a plainold limb bend where the patient'sawake and alert,you opt

always togive him oralfluids.It'sthe easiestway out. In thissituation,choosing
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Table 5 or Table 6, well, I'm a Navy guy, so I would say, "Use Table 5 because as

they just recently published that Table 5 still works for this kind of thing." There

are a lot of people that are saying, "For diving, don't use Table 5 because you may

be missing a subtle neurologic finding."

PILMANIS: But, it's 20 minutes. The cutoffis 10 minutes if you're a Navy guy.

BORE: Sorry, I didn't see that. You're right.

WORKMAN: Once you're beyond 10 minutes, Table 5 goes out the window anyway.

NORFLEET: A pointofinformationhereisthatmore than halfofthegasconsumption isused

inpressurizingthechamber, notinBIBS gas usage. So,inthedecisionbetween

Table 5 or6,itwould be a bad thingtodoa 5 and have a recurrence.With that

informationinmind, what areyourrecommendations?

BOVE: I think the 20-minute rule is, as Andy said, important. If it took that long to get

rid of the pain, you probably had better use a 6.

WORKMAN: In our experience with the altitude cases that we've treated for a long time, we

went through doing Table 5's, and we had a fairly high recurrence rate on those.

Many of those recurrences were female (not to get into a discussion of male and

female). But, we found ourselves back doing a retreatment at 2 and 3 o'clock in

the morning, and we got out of that mode giving them a definitive 6 from the very

beginning. However, now that I've said that I also want to say that, when our

doctors have a chance to get by with a Table 5, they'll take it. But the overwrit-

181



WORKMAN:

(Cont'd)

ten criteriathey use isresolution on descent. Ifthey get pain resolution before

we hit bottom at285 kPa (60 fsw),they may go with a Table 5. But, ifit'sslow

toresolve,they'llgo ahead and do a 6. But, Ithink your comment about gas con-

sumption isvery real.Iwouldn't even consider aTable 5.

HAMILTON: Nobody's going home.

WORKMAN: Iwould considernot even giving that as an option.

PILMANIS: I would go with a 6 right offthe bat.

NORFLEET: I'dliketoskip (inthe couple ofminutes that are remaining) to the followingsitu-

ation,which says that,"A.fterfirsttreatment table,allsymptoms are stillgone

and neurologic examine isnormal."

NORFLEET: Let'sapply thistoscenario number I. You treatedthe person. After the first

treatment table,allthe symptoms were gone and the neurologic examine was

entirely normal. We're now going totouch brieflyupon return-to-duty issues.

This was limb bends. He needed treatment with hyperbaric therapy. There

appeared tobe no sequelae, no complications. This isan EVA crew member.

When can thiscrew member perform further EVAs? Itbrings up questions like:

Does a historyofDCS increase the risk offutureDCS? Does Type Iversus Type

IIreallymatter? Forty-eighthours, I week, never for a return EVA, and what?

BOVE: Well, the firstquestion isa hard one toanswer. There are individuals who are

susceptibletodecompression sickness - individuals- and no matter what you do,
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BOVE:

(Cont'd)

they get bent under the simplest ofcircumstances. And, there are other people

who get one bend, perhaps deserved because they did something beyond what

they should've done, and they don'tget itback again. So, Ithink the answer here

is:Ifthisisnot a bends-susceptibleindividual,the historydoesn'tnecessarily

mean they'remore prone in the future,unless they'rethat strange,occasional

individual that seem tobe bends prone.

WORKMAN: It'san occupational risk.

REIMERS: Back to the Navy experience: Ican remember a seriesofdives where we were

pushing tablestothe limit;and we were bending somebody once a week, and not

necessarily the same somebody. But, the factthat they got bent meant that you

waited a day and you justforgotitever happened. Now ifyou find here that one

astronaut gets bent every time he goes out,maybe you'd betterdo something.

SPEAKER: You're going toknow that before he goes EVA.

HAMILTON: Answering thisquestion depends tosome extenton what the mission isand what

the resources are. Ifeverything grindsto a halt and you've gota million dollarsa

day hanging up there,not working, then you'regoing tobe a littlemotivated to go

back towork sooner than you would otherwise. So, that has tobe factored into it.

BOVE: Well, BillNorfleethas carefullyconstructedthese questions toask about the

person and not the mission. The main question is:When do you re-perform EVA?

Well, ifthere'san emergency going on, everybody goes out and does it.But, I

think that some questions are reallybased on the person. Those are more inte-
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(Cont'd)

restingquestionstoaskbecausetheyreflectthingsinbiologythatwe don'treal-

lyknow theanswers toinmany cases.The answer tothefirstquestion,though,I

thinkis,No, exceptforthoserareindividualsthatseem toveryprone togetbent.

And Ithink,basically,nobodywould worry aboutsomebody who gota limbbend

and was treatedtoday,cleared,and tomorrow couldprobablygoback on a diving

operation.That'snormallytheway theywould treatdivers,and Ithinkthatkind

ofscenariowould probablybe okay here. The onlyhook inthisisthefactthatit

was a longtreatment.The guy didn'tresolveimmediatelyand getbetterwithout

a longtreatment;and thatmight make thedivingofficersay,_Let'swaitan extra

day forthisguy,justtomake sure."But,that'sallwithinthebounds ofclinical

judgment.

WORKMAN: As we had discussedwithyou inSan Antonio atAndy'sworkshop,we dohave

some datawhere we went backand analyzedwhethertherewas an increased

incidenceofrecurrentType IIdivingDCS, and we foundno significantfactthere.

The Air Force policyon returntoduty aftertreatmentforDCS is72 hours.Now,

we willallow someone toflybackhome, forexample - perhapsin48 hours.In

some cases,they'veslidby with24 hours.It'srare.But,notasa crew member.

Again,thedefiningfactoriswhether theyarereturnedtoduty,and thatis72

hours.

BORE: The otherthingthatIthinkyou need tothinkaboutis:When do you goback and

do anotherEVA? Because,forthesepeople,therearetwo questions:When do

theyreturntoregularduty?And when do theyreturntoEVA duty? Those are

differentissues.The commercialpeoplewilltakea limbbends personand put

him back towork thenextday,aslongas he'scleared.There arelimitsofIweek

184



Bovz:

(Cont'd)

from the Navy, 72 hours from the Air Force, and 1 day in most commercial prac-

tices. The recommendation from my standpoint would be, if this was a simple

limb bend that was easily treated, no problem, no pain after 5 minutes, I'd go

back to EVAs the next day if you really wanted to do it. This case was a tougher

case; and I might say, let's wait an extra day, if you want to be sure. But, I don't

think there's any reason not to consider him available for more EVAs within

24 hours. It's a simple treatment in a minor arena.

HAMILTON:

REIMERS:

NORFLEET:

Practical point: Don't put your time in hours. Put it in days. Because, _fyou say

_48 hours," it throws your schedule off. Days aren't so important, maybe, when

you're making your days every 90 minutes. On the schedule here, if you put a

24-hour delay, it means you can't work tomorrow on the same schedule that you

worked today. So say 1 day or 2 days, rather than 48 hours.

There's a psychological sidetothis,too,that Ithink isimportant. And that's,the

longer you make the return toEVA or the return toduty status,the bigger the

penalty you would inflictupon a crew member forgetting bent and the greater

the incentive not toreportgettingbent.

I'llwrap thisup. rdjust liketosay that Iagree with you completely. A driving

philosophy in lifeforme has been to try todecriminalize decompression sickness

and make itas routine as possible.As inthe diving world, itshould be regarded

asan inevitablepart ofEVA, almost nominal, tobe expected. You treatit,fixit,

and forget it.

SPEAKER: It'san occupational hazard.
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REIMERS: Ithink the key there may be that it'ssomething we expect tohappen. It'sno big

deal. We treatitand we go on.

NORFLEET: That'sright.Thanks.

BARRATT: Thanks a lot,Bill.I'm sorry we couldn'tdo thislonger. It'sbeen very helpful.

Just toclarifya point or two: Do the astronaut rules preclude an EVA on con-

secutivedays forother reasons? Isn'tthat stillineffect?

WALIGORA: It's a kind of planning guideline that you don't do 2 days in a row of planned

EVAs. But, it's not a mission rule. You can do 2 days in a row, and we have done

2 days in a row. On a recent flight, we had a payload contingency EVA; we did it,

and then we had a planned EVA next day, so we went ahead and did it. They will

plan 2 days in a row.

SPEAKER: There's a fatigue factor to consider.

BARRATT: That was my understanding. Ihad asked Mike Stollefrom McDonnell Douglas

and Stephanie Trausch from the NASA EVA sectiontogive an update on devel-

opment ofairlocktestitems.

Hyperbaric Airlock Test and Development Items

STO LLE• I'llmake this very quick. The Clear Lake Development Facilityisbeing develop-

ed as we speak near Ellington Field(FIGS.63 and 64). This isa picture ofwhat
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WALIGORA:

(Cont'd)

we callPhase I (FIG. 65). And, Iwillbe describingallthreephasesthatareplan-

ned.The facilitywillinclude(inPhase I,which presentlyexistsand isoperating)

a LightManufacturing Facilityand an AvionicsDevelopment Facility(FIG.66).

The LightManufacturing willperformmanufacturing ofsmallequipment for

SpaceStation,includingdevelopmentarticles,testarticles,and flightarticles.

The AvionicsFacilityofcoursewillbe used todeveloptheaviationelectronicsfor

eachoftheseinstruments.Power If,orPhase If,basicallyisanotherMcDonnell

Douglasofficebuilding.Itwillhouseabout 700 engineersand a largecomputing

facility.Phase IIIistheas.sembly and testbuilding.Thisiswhere allofWork

Package-2,which isMcDonnell Douglas contractequipment forSpace Station,

willbe assembled,put together,and testedinafullyintegratedform. The se-

quencewillbe toput togetherour developmenttestarticlesand then,as the

flightarticlescome along,tosubstitutethattestarticlefortheflightarticleso

thatwe maintain afullyintegratedsystemand know thatour flightarticles

aregoingtowork the same way asour testarticles.

Here'sadrawing ofthelayoutofthe LightManufacturing Facility(FIGS.67,68,

and 69).rlljustquicklymention some ofthefeatures:Itwillhave a paint

shop,awelding shop,amachine shop,a wood shop,a cleanroom (aclass1000

ora class10,000cleanroom)- this,thecleanroom, willbewhere theCHeCS

medicalequipment willbe assembledforflight.Imentioned thatwe are located

nearEllington.Once theSpaceStationflightarticlesarefullyintegratedand

testedand ready tobeshippedtotheCape, we willonlyhave towheel them out

thehigh-baydoor toawaitingplanethatisattheend oftherunway atEllington.

So,it'sallnicelysituated.
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STOLLE:

(Cont'd)

Here is a little more information on the Avionics facility, called the ADF (FIG.

70). Just briefly: We will have a secondary power distribution facility. This is a

working system that copies the Space Station power system so that we'll be able

to take Space Station-type power directly and feed it into our equipment to assure

that we're going to function properly offofSpace Station power. A secondary cap-

ability will be to support Space Station activities after we're in orbit and operat-

ingto support the Space Station Control Center. Here's a little schematic drawing

of the ADF (FIGS. 71 and 72). Basically, what it consists of is electronic benches

and a computer system that allow us to fully test all of the avionics that are form-

ed for Space Station, both for units of the dedicated test articles and the flight

articles (FIGS. 73 and 74). Here's a little ground picture of how it will all be

situated (FIG. 75). This is Phase I right here; this is what exists. This is the high-

bay area where all of the flight manufacturing will be taking place. Then Phase

II, which will come on board early in 1992, is right here; it's where all the engi-

neers will be located (FIG. 76). And then late in 1992, we will begin operations in

Phase III beginning our pre-integrated truss operations (FIG. 77). Just briefly on

what the capabilities of that Phase III will be: As you can see, PIT means pre-

integrated truss, and so that refers to our putting together each of these elements

on the ground to verify, before putting them on orbit, that everything is going to

talk to each other and work properly. And then, I described a little earlier how

we're going to switch out our dedicated units for the flight units and do the same

tests.

A little bit more on the ATD right here (FIGS. 78 and 79). We'll be able to do

hardware and software integration so that, within a system, we can test inte-

gration in that way; and then the twin systems horizontally, we'll be able to test
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STOLLE:

(Cont'd)

how the system integrates and functions properly horizontally between systems.

FEAT is final engineering and assembly test. This is the area where the truss

section will be put together. As far as elements go, we'll be able to hook them in

and test our node integration in this area. We have a computing section to sup-

port DMS and electrical inputs to this truss. So, that's kind of how that's all laid

out. The flight articles will then be, once they've been fully checked out, disen-

gaged from their connection in the truss and moved out the high-bay door to be

loaded on the aircraft for transport to the Cape (FIGS. 80, 81, and 82). Launch

configurations for some of the early mission builds are shown here (FIGS. 83-86).

v _

Finally, Mike has asked me to briefly go over what we plan for our one-g simula-

tion to be conducted at Huntington Beach in early November. This is a hyperbaric

simulation. We'll be looking at several different scenarios: One involves a DCS

hit while on EVA, and then another scenario involves a DCS hit that's been de-

layed (FIG. 87). We'll look at CHeCS crew health care equipment to support a

hyperbaric treatment, look at the interfaces, see how best they can be interfaced,

what all is involved in a treatment, look at the wiring (the spaghetti mess prob-

lem) that is exacerbated by zero-g type environment, and look at things like that.

We'll also look at being able to reach controls, see controls, how well our tender in

the equipment lock can view what's going on in the crew lock, and vice versa.

SPEAKER: Mike, when did you say this was going to be?

STOLLE: In early November. Mike Barratt is going to be one of the conducting personnel;

Courtney Buck is going to be supporting us; and I'll be there also.
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BUCK: Just toadd towhat Mike's saying;Ithink two ofthe biggest goals Isee forthis

testare,one, maybe some timeline,even though we're not in a zero-g environ-

ment that isa definitefactorforsetting up equipment, etc.;second, for locating

thisequipment. Ishowed you some pictures ofthe airlock,infactIhave some

picturesofour mockup up here ifanyone isinterestedinlooking before we go on

over tosee the mockup here. But, we've got an interestingproblem ina worst

case in gettingallofthat medical equipment setup inthischamber. So, we're

tryingtofigure out some logisticshere.

STOLLE: Lastly,we'llbe looking atexcessive loading ofcontrols,access and volume lim-

itationtodo procedures likeairway management and potentiallyCPR, and then

the Station in layout. One thing I'venot talkedabout inhere is,we do also have

some WETF simulations. The WETF isthe Weightless Environment Training

Facility,which isbasicallya big pool that you put your mockups in,and sowe'll

be doing some experiments and testsin therealso.

BUCK: In January.

STON.F_: Any questions? All right,thank you.

BARRATT: Thank you.
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Space Station Airlock Test Article (SSATA)

TRAUSCH: Yes, those WETF tests are supposed to be in January. And, they're going to be

looking at camera angles, so you're going to be able to see through it, to have your

camera lined up and see the patient, etc. I am not Phil West, obviously, and it's

not March 19 t_, but this has some pretty good information in it. I'd like to tell

you about the Space Station airlock test article, or SSATA. What this is, is a full-

scale, working mockup of the airlock. It's going to be both a hypo- and hyperbaric

chamber, so we can simulate hyperbaric training operations, etc. The purpose of

the SSATA, first off, is forward testing and verification of all our hardware and

software for the airlock and hyperbaric chamber (FIGS. 88 and 89). In addition

to all the verification, we are also planning on supporting flights and doing some

crew training, both the airlock- and EVA-related equipment operations, servicing

of the EMUs (you've got to train them how to do that inside that small area), and

training in hyperbarics. This is still an issue. We believe that the outside opera-

tor of the chamber has to be trained in this SSATA, since it'll be set up exactly

the same way. The question is about the inside attendant. We could train the

inside attendant in the SSATA, but logistically this would make for quite a mess

because of people available, because we want to be training for other things as

well. Right now, we are suggesting that the inside attendant be trained in the

other hyperbaric chamber at NASA; however, we haven't told them that we're

suggesting that. There's a problem logistically with that because they have to

support all WETF activities. Whenever we have a test going in the WETF, that

hyperbaric chamber is on ready status.

SPEAKER: And for research activity.
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TRAUSCH: We're stilltryingtofigure out where we axe going to trainthatinside attendant.

That'ssomething that needs tobe determined.

SPEAKER: Isn'tthe other thing logistically,too,thatthe crew lock isseton end in the

SSATA?

TRAUSCH: Actually,the SSATA isnot on end. It'son the normal configuration (FIG.90). At

one time itwas on end, and I'llexplain that in a minute. What we're going to do

is,we have a 6.1m (20 R) chamber inbuilding 7 and we'lljustbe tacking on to it.

These littleports that pop are emergency escape ports,and that'swhy, at one

point,we had the chamber turned sideways - so that,ifthere'san emergency (not

during hyperbarics but during, say,EMU servicing or something) and something

happens, you can pullthe guy out. During hyperbaric training,we would lock

thisone down because it'sa pressure port;and we would have tobolt itdown so it

didn'tblow during hyperbarics. Right now, again, we are capable ofhaving a

man in there while it'spressurized forhyperbaric pressure. We haven't definite-

lydetermined that we're going todo so,and that'ssomething that stillneeds tobe

determined. Anyway, we also want tolook at some ofthe hardware evolution.

The facilityitselfisthe only ground-based facilitytestingthe hardware and train-

ing ofthe crew inthe actual pressures. Again, it'sa hypo-,hyperbaric environ-

ment, sowe can go from vacuum up to2.8ATA. And, attimes we willhave both;

forinstance,ifwe want totrain the guys in the equipment lock and then we want

tobring the crew lockdown tovacuum forsimulating someone going EVA. Also,

thisarea here could be at70 kPa (10.2psi)tosimulate the node. So, we can do

quitea bitthere.As far as the differences,we want tomake itas flight-likeas
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TRAUSCH:

(Cont'd)

possible,but there are some one-g limitations.For instance, firesuppression is

going tobe water deluge. The overhead exitsare here; thisone causes a small

problem because ofour rack in the crew lock.Itdoes not just go up the wall,it

also curves up a littlebit.So, what happens isthat itwould interferewith this

exit. So that rack isgoing tohave tobe a littlebitdifferent,and exactlyhow

differentisstillbeing determined. But, that'sgoing tobe changed. Also,you

may notice we have an extra port here that'snot actually on the crew lock (FIGS.

91 and 92),and that'stocreate a flatfloor;sinceyou have one g,you need

someplace to stand in your EMU. We are simulating the workstations forthe

node. That willprobably be outside the chamber in the hallway, and we need

to have some sortofsimulation offlightcontrollersso they can talktothe flight

controllers.Issuesrightnow are: What sortoftraining willthe insidetender

have, and where do we do that? Also, there'san issueofmedical certification.

We're not reallysure what that is. Do we want todo itin the SSATA? We need to

f_tre that out. And, some ofthe interfacesbetween CHeCS and the hyperbaric

systems themselves. At any rate,Iwas justgoing togive an overview ofwhat

thisisand what we're tryingtodo. Does anybody have any questions?

BARRATT: Stephanie, will this be rated for the 345 kPa (50 psi) over-pressure limit?

TRAUSCH: I believe so. It's going to be set exactly like the real thing. And, we are going to

need it to test the relief valves and such. That's about it. I also included some

drawings that Courtney beat me to. You've seen these before. But like I said,

inside it's going to be as flight-like as possible, so we're trying to make it exactly

the same.
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SPEAKER: You mentioned a workstation in the nodes. That'sthe firsttime that'sreallybeen

addressed today that Ireca11.Could you elaborate on that a littlebit? What type

ofworkstation inthe nodes?

TRAUSCH: Ialmost said forhyperbarics, but it'snot.

BUCK: It'sa general interfacewith the data management system. They have what they

callan MPAC, which isan acronym formultipurpose applicationsconsole. It'sa

computer and it'sthe brains ofthe Station.There are several workstations around

the Station. There's one located innode 2;infact,we're lucky inthat sense,be-

cause the airlockisattached tonode 2. In terms ofhyperbarics, exceptforthe

dedicated'displaysthat were shown on some ofmy drawings, that'swhere you

have togo toget the restof your information. Someone was talking about trying

togo with a laptop computer or something likethat. Right now, our laptopisin

the node, which is,as you know, rightnext tothe equipment lock.

SPEAKER: But, you don'thave a screen inthe work area.

BUCK: No, we don'thave a screen.

WORKMAN: IfI'm reading you correctlythen, there may be a situationwhere the operator of

the airlockmay have togo intothe node?

BUCK: Yes, there probably willbe times someone needs tobe apprised ofthe informat£on

on the computer in the node. We've got a fourthcrew member, and he'sthe one
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that'sbasically driving the Station. You've got two people in the chamber and

you've got one right outside.

WORKMAN: Ididn'tknow untiltoday thatthe crew member complement had been halved.

So, you're going tohave fewer people.

BUCK: And, then you've got your fourth person. He's the lastguy who can go and check

the computer console inthe node.

HAMILTON: Not many hands.

TRAUSCH: Actually, as we were mentioning today, during the man-tended phase you can't

get away with just four because who isyour medical officergoing tobe? Itcan't

be eitherofthe EVA crew members, and itcan'tbe the pilotorthe commander.

So you need five. So on that,well you'rejust going tohave tohope that he'snot

the one that gets bent. That'swhy the medical officercan'tbe one ofthe EVA

crew members; he may be the one that gets bent, then what do you do?

NOP_LEET: There were workstation peripherals in the equipment lock,which were going to

be an additional thing forlog-keeping and chamber monitoring, and thatwere

deletedfor weight-savings reasons.

BUCK: Ibrieflyalluded to that,and that'swhy we ended up working with the log and the

tables,just on paper, on the worksheet right next tothe controls.
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STOLLE: We are tiedtothe computer system, but we have no computer outletor control

rightthere in the equipment lock. You have togo tothe node, or somebody has

togo to the node, toget that extra information.

NORPLEET: A possible solutiontothat,at leastfora computer prompting ofwhere you're

supposed tobe and what you're supposed todo next and a countdown forthose

events,would be a portable computer, likea laptop,which may be included in

the program at some point. That could be taken intothe equipment lock and

wouldn't be connected toanything, but at leastyou could hitcarriage return

when you startedthe protocol and have itfollow.

BUCK:

NORPLEET:

The other thing is,you are in communication, or we're assuming you'rein com-

munication, with the ground.

A problem, ofcourse,isloss-of-signalperiods.

BUCK: For the most part,you'llhave printerhelp as well.

BARRATT: Some ofthese questions willno doubt come up as we go through the facilitiesat

building 9B and get the dimensionality aspectofthem. I'dlike to go ahead and

wrap up and get on tosecuring our badges. Thank you very much, Stephanie.
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DAY 2

Review of Day 1

BARRATT: Today,we'llgetsome formalrecommendations based on yesterday'sorientation.

Iwant torecapsome oftheconcernsthatcame up as a resultofthe reviewand

orientationsession.There was concernvoicedovertheALS pack and some type

ofsealwas recommended sothatwe'llbe abletoknow tocheckitifithad been

raidedforparts.There was some concernoverthegas blenderand themanual

controlcapabilityofthegas mix totheairlock.Ishouldmention thatwe do have

a cautionand warning amendment tothe medicalrequirementthatwe'reneed-

ing now toputback asa Change Request,but itwillgiveus an alarm indication

ofa partialBIBS failure.The medicalneed foracamera inthecrew lockwas

voicedyesterdaywhilewe were inthecrew lockmockup. Itwas suggestedto

have asmallstate-of-the-artcamera mounted on agooseneckwithinthecham-

ber.Definingthe fidelity,resolution,and colorsaturationofacamera issome-

thingwe'reworking on rightnow. But,the issueofhavingone inthecrew lockis

somewhat ofan open issue,and we'llbe discussingthatfurtherinthefuture.The

treatmentscenariothatDr.Norfleetwas runningwas,Ithink,veryproductive.

This issomething we needtodoinsome form inthefuture-eitherinfuturere-

conveningsor,perhaps,viamailedscenariostogettheexperiencefrom people

who'vebeendoing a lotoftreatment.Itwas emphasized duringthattimeperiod

thatDCS isan expectedconsequence,thatwe shouldtreatitand lifeshould

carryonforthe crew members withoutan automaticstigmaofincreasedriskof

futureevents.We talkedabouttheneed fora pulseoximeter.Ispoke with Dr.

Bove aboutthata littlebitmore thismorning. For the transportscenario,which
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is our MTC goal as far as medical hardware is concerned, we'll be looking into

this also in the near future.

Today, the small task assignments are really geared towards addressing some of

the issues that are now open for active discussion. Some of these are totally inter-

nal, some of them are between Work Package-I (the Marshall folks) and Work

Package-2 (at JSC). Some of the issues have some leeway in influencing now

before their baseline, and some of them are rather controversial. There are a lot

of intelligent opinions on either side and, of course, we're going into an environ-

ment that just has not been well characterized. We don't have the experience to

draw on. So, it's very speculative, but we want the best speculations possible.

I'd like the sessions that are tasked to the individual people to actually be run by

the person who is assigned to it. Each one, as you see, is scheduled for 20 minutes.

You can fill the 20 minutes, or you can talk for 1O minutes and we can open up for

discussion. I have some specific questions that I'd like to make sure we address;

if you don't address them, Fll probably ask them. Some of the issues will take a

short amount of time, some may take a little longer, and we'll try to be flexible

enough on those. So with that in mind, I'd like to go ahead and open the first one

up: "Training requirements for operators." Colonel Workman.

WORKMAN: I would like to take about 5 minutes before we get started. It might be helpful

to all of us if we have about a 5-minute discussion on characterizing differences

in altitude decompression sickness and diving decompression sickness. That

may help frame today's discussions.
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PILMANIS: Ihave some concernabout thenaturaltendencythatmost peoplehave toequate

divingand altitudedecompressionsickness.There are some differences.By way

ofreview,one ofthemain differencesisthat,inthe divingfield,DCS is"after

thefact."The missionisoverwith,and timeand performancearenotbigissues.

Inthealtitudefield,itoccursduringthemission.This isan importantdifference;

theimpactisquitedifferent.With altitudeDCS isinherentrecompression;you

have tocome down. For example,from 29.6kPa (4.3psi)backtosealevelpres-

surecan be characterizedasgoingfrom sealevelto285 kPa (60fsw)intripling

pressurechange. So,ithas abuilt-intreatment.Inreality,about90% ofaltitude

DCS casesaretreatedthatway. Inmostofthesecases,2 hoursofoxygen post-

breathingareadded,but othertimesnothingisdone exceptthatrecompression.

That'squitedifferentfrom thedivingsituation.The majoritydo resolveby com-

ingback tosealevel;thatis,to1ATA orwherever thesaturationlevelis.With

altitudeDCS, treatmentisalmost100% successful.You rarelyhaveresidualprob-

lems.Inaddition,generallyspeakingtreatmentiseasier.Table5can be used.

Severalyearsago,therewas even a suggestionofonlygoingto193 kPa (30fsw),

not285 kPa (60fsw).There were no datatosupportthatapproach,however, soit

was notpursued;but Idon'tbelievethatit'sa closedquestion.Do you reallyneed

285 kPa (60fsw)fortreatmentofaltitudeDCS? The Table 6graphichas been

transferredfrom thedivingfieldtothealtitudefield.

The seriousnessofthe DCS symptoms withaltitudeiscertainlylessthan with

diving.The basicbubblecompositionisdifferent;theproportionofwater vapor

and CO zishigher.Inthedivingfield,you don'tworry aboutthose,because

they'resosmallthatthey'reofno consequence.Inthealtitudefield,thehigher

you go,thegreaterthatproportionisand thelessnitrogenthereis;and we don't
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really know how that affects bubble resolution. Around 15,240 m to 16,764 m

(50,000 to 55,000 ft), the bubble essentially has no nitrogen in it, or very little.

It's all water vapor and CO2, so there are some very basic differences in the bub-

bles themselves. Denitrogenation continues at altitude. There can be a situation

where, if you stay up long enough, you're denitrogenated to the point where bub-

bles can't form.

We recently did a survey of U2 pilots who stay up 9 hours at cabin altitudes of

8535 m to 9140 m (28,000 to 30,000 it). The symptoms generally occurred within

an hour but didn't last much more than an hour; sometimes a little more, some-

times half an hour. All were asymptomatic at the end of the flight. So if you stay

up long enough, you could resolve unless it becomes catastrophic, and there is al-

ways a chance of that. You have a f'mite amount of nitrogen, as you do in every

situation, but more so with altitude. It's just a much, much smaller amount to

deal with.

rm sure some of you can think of other differences, but those are the ones that

came to mind this morning. I don't feel that automatic transfer of information

from hyperbaric to hypobaric should be done without some thought about these

factors.

NORFLEET: I could inject one comment: And that's that, at least from what I've heard, in

altitude exposures you seem to hear in Doppler monitoring a lot more bubbles

than I'm used to hearing in hyperbaric work.

SPEAKER: Can you agree with that?
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PILMANIS: Ican'tagree or disagree because I'veheard Grade 4 plus indiving as well as

altitude,and Idon't know that anybody isever reallycompared them. So, I

wouldn't say one way or the other.

WORKMAN: Let'sgo ahead now and begin our discussion on the training requirements. This

particularsession isgoing totake more the form ofan open discussion than any-

thing elsebecause, at leastin the information that had been made available to

me, very littlein terms ofwriting has been addressed or focused on the training

issue.Now, there may be other documents that are available that have ad-

dressed this,but Ididn'thave access tothem. So with what Iput up on the slide,

ifthere'sany discrepancy, please letme know because itcertainlycan help us

inleading the discussion (FIG.93). But basically,looking through a historical

perspectivein the involvement ofour committee, there'sbeen very littlethat has

actuallybeen discussed inour meetings and even lessthat'sbeen addressed in

writing. Looking atthistoserve as a framework forwhat iscurrently available,

Iwent ahead and just selectedtwo Air Force training courses as a representative

example (FIG.94). There are other courses that are availablethat we allcan go

tofordeveloping a representative curriculum for what you feelyour individual

trainingneeds are tobe. Ialsohave copiesofthe individualtraining standards

forthese two courses. Again, Iinclude them primarily sothat you'llhave an

opportunity to see the specifictopicareas covered ineach ofthese particular

courses. (Appendix at end ofsection.)

This course,which istaught by the Air Force, isoriented primarily toward the

chamber technicians who are enlistedpersonnel, the people who willbe actually

operating the chamber. Ifyou compare thiscourse curriculum and the course
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WORKMAN:

(Cont'd)

training standard with the next one, you'll see a distinct difference in the amount

of emphasis that's put on the medical side as opposed to the operational side.

Again, this is primarily operationally oriented. Here, we're primarily interested

in managing the DCS, including gas embolism and perhaps ebullism, so some of

these topics would not apply. But, one of the things that we need to address - not

necessarily today, but in the very near future - is what topics should be included

in a training program for the operator or for the entire crew. In terms of back-

ground physiology, how much physiology do they really need? How much of the

medical do they need? We talked yesterday about who the designated medical

officer is going to be. Chances are he will not be an MD in many cases. And so,

how much of a medical background do we think that we need to provide that

individual?

Looking at the other course again; this particular course is oriented to the med-

ical side of the house, and the difference in the emphasis will show up in level of

training, knowledge levels, and proficiency levels. So again, this gives you a

representative example of the types of topical areas that we often give our inside

observers and medical team members that go out and operate Air Force hyper-

baric facilities. Again, these are oriented primarily towardthe treatment of al-

titude decompression sickness. Now, we could take a look at a course curriculum

on diving, such as a diving medical officer's course, and there are a multitude of

courses for which we can review the curriculum and determine what is good and

what should be carried forward. Obviously, there will be some requirements to

provide some orientation and training on issues that are unique to Space Station.

Now, I do have some recommendations. These are to be used as a stimulus for

further discussion (FIG. 95).
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WORKMAN:

(Cont'd)

We need to go ahead and begin paying attention to the milestones for course

development, even though the schedule, as we heard yesterday, is somewhat

slipping. But, at this point we need to begin developing a clear focus in that area.

I think yesterday, Courtney, after your discussion, this is already ongoing. But,

my thinking was framed, again, with our previous involvement in the documents

that we were given. In determining who should be trained, I think that we have

to focus our training on all the crew members; determine who should provide that

training; determine who should train the trainers (I think that that's a big ques-

tion}; develop the course curriculum in terms of the specifics; again, we've got the

construction of the high-fidelity mockup already on the way; and then develop a

proficiency training criteria. One of the biggest issues that I see is in the region

ofproficie'ncy training: What is going to be the requirement for proficiency

training? What is going to be not only the depth of training but the frequency

of training? That's really all I have in terms of overheads. At this point, it's

probably appropriate to go ahead and open it up for general discussion.

NORFLEET: There have been some questions about whether, during the course of a 90-day

mission, there should be proficiency training in flight. Would you care to com-

ment on that?

PILMANIS: Can you afford it with the gas supply?

WORKMAN: Iguess that'smy firstthought.

NORFLEET: Well, it depends on what you do. There's also discussion about how often this

facility should have an engineering checkout and what that checkout would be.
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Itmay justbe a pressurizationto halfan atmosphere and a few breaths offa

BIBS mask.

SPEAKER: Steve, would you liketosay what you were going tosay?

REIMERS: Yes, Iwould. First,about your training issue.One question Iwould liketoraise:

In the medical community now, there'sa new hyperbaric technologistcertification

course that has just started.That may have something toofferinthisdepart-

ment. Ihave not taken the exam myself.

WORKMAN: Itook ita week ago, but Ihaven't counted the resultsyet either.

REIMERS:

WORKMAN:

From what I'm told,it'snoteasy.

No, it'snot. Let me back up forjust a moment. Several people inthe room have

already had an opportunity togo through the Air Force training program. Not to

put you on the spot ifyou disagree or ifyou have any particular opinions about it,

please feelfree tospeak tothat because it'snot my course. So, you can say what

you want toabout it.Do you feelthat itwas a worthwhile experience?

STOLLE: Itwas very helpful.We learned specificallyhow tooperate the chamber from

each positionthat a person has to watch and from the inside observer'spoint of

view, also.So, itwas very,very helpfultosee how the chamber operates and how

tooperatethe chamber.
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WORKMAN: And, that was the primary orientationofthat course. Itwas reallytargeted at

the people who are going tooperate the chamber; whereas the health care officers

are the people who are going to be providing expertiseas a medical specialist

inside,with justa littlebitoforientationtobegin the operations sideofthings.

BUCK: Itgoes without saying that you're talking ofa differentbeast here when you're

talking about training.There were things,such as gas gangrene and the osteo-

myelitis and allthat,that wouldn't apply. But, personally,Ilearned a lot.I

gained an appreciationfor the number ofhands ittakes todo something like

that. And, we weren't even concerned with any ofthe medical operations inside;

itwas purely from an outside controlstandpoint.

TRAUSCH: When trainingon chamber operation, what struck me was the outsideoperations,

because Iknow thatseveral crew people are running itand we're tryingtoget

away with one person.

SPEAKER: Well, the truth ofthe matter is,there'sreallyno reason why one person can'trun

that chamber. The reason we don'tisbecause oftradition.

HAMILTON: Tradition says,"One man, one valve."

WORKMAN: Exactly.

H_kMILTON: Let me comment on your issue of training in flight. I've dealt in the past with

saturation diving operations, where you have the task of training the dive crew

in whatever they're doing and you have them trapped in there. You have decent
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visual-aidcapabilityand now it'squite easy with video. You can reallygive

them whatever slidesyou want to;that'sa good entertainment device. Iwould

expect that there would be an ongoing training program for our astronauts all

the time. In the missions thatyou have now that are so short and they'reso busy,

obviously there'sno time totrain.They don'thave a minute tospare;there'sno

question about that. But, when they'reup there for90 days and have a work

routine,there'sgoing tobe time when some kind ofentertainment isneeded.

v _

WORKMAN: Ifthey had a computer stationatthe hyperbaric controls,then they may have an

opportunity ofusing interactivedisks,with an interactiveprogram where you

can reallydo that proficiencytraining.

HAMILTON: But, you can have a human-oriented video presentation. In other words: you

have a liveteacher, they look atthe teacher,they talk tothe teacher, and they

ask questions ofthe teacher.

WORKMAN:

SUSAN

SHIMAMOTO:

That isan option,and then you don't reallygo through the expending ofthe gas.

There are no requirements forthat right now. There are no time limitssetaside

foron-orbit training. But, we have some checklistswe're developing.

BORE: Going back to the analogy ofthe ship at sea: Most ofthe military ships at sea

have always had emergency drillsand damage controldrills.It'sone ofthe

thingsthat'sroutinefora ship'screw, toredrillforemergencies and contingen-

cies.There are no drillsbuiltin tothe Space Station atallforemergencies?
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SHIMAMOTO: No, the hardware has not been set aside nor the time; and Lf this is a require-

ment, we need to know about that now.

BOVE: It seems to me that there ought to be some kind of emergency drill covering dam-

age control drills and medical emergencies.

HAMILTON:

NORFLEET:

The fact is, you are busy as hell getting up there, and the time is very precious in

the months or days before the launch. Everybody is swamped. Once you're there,

you can heave a little bit of a sigh of relief that at least you've gotten that phase

over. Training takes more than one encounter. They have to have some, because

they may have the problem the first day. But, ongoing training could very well

be programmed into this thing, and it would reduce the intensity of the training

required before you go.

A point of information may be that, during Skylab-4, the last and longest Skylab

mission, the problem there was that they were incurably behind the time line.

They were always trying to catch up; it caused a lot of friction. I guess what you

need to say is, "Determine whether or not it's necessary and a priority to do on-

orbit training in order to get it inserted in what's probably going to be a very

heavy schedule."

BOVE: Are there no training or drills at all to handle the emergencies of any space

flights? Nobody thought through what's going to happen in the event of a

disaster? Is there no training for that at all?

SPEAKER: It's all done beforehand.
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BorE: But, no drills in flight?

SPEAKER: None in flight.

BARRA2"r: No formal drills. In talking with Dr. Kerwin, they actually did a couple of drills

during the Skylab-2 mission where they simulated a medical emergency. As you

say, you breathe a sigh of relief, then it may be an on-orbit judgment call by the

CMO to test the hardware, so to speak.

REIMERS: My own feelingon thatis,we'rebeginningtotalkaboutverylongmissions.

SPEAKER: That'sright.Imean, it'sdifferentthan theothermissions.

REIMERS: The guysare therefor90 days.Ifsomethinghappens,thereare lotsofthings

thatcouldcause that90 daystostretch.Ifyou'reworking steadilyfor90 days,

you begintoforgetthingsthatyou didseveralmonths back.You might be well-

advisedtolookatacertainsetofbasicemergency drills,notsomuch the training,

becausewe'renot training,butdrillstoreinforcewhat you'vealreadybeen train-

ed todo.They don'thave totakealotoftime.

BorE: But,therecan be one medicalemergency withahyperbariccomponent as a drill

and itwillgiveyou thetraining.

REIMERS: And, witha littlecreativity,becausethechamber isbeingusedasan airlock,you

couldprobablymaneuver thisintosome sortofscheduledactivity.You'realready

usingthethinganyway;everybody'sphysicallyalreadyup there,and itcouldbe
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made to take up a very littleamount oftime. It'sgenerally an axiom inthe diving

world and in other thingsthat,ifyou expect equipment and machinery toreactin

an emergency, itcan'tbe 18 months since the lasttime you used it.

PILMANIS: I'dliketo reinforcethat.At the USC-Catalina Hyperbaric Facilitywe had, in

some ways, a comparable situationtothe Space Station.We did not have the

medical personnel stationedthere. For the crew, itwas not theirprimary job;

itwas an extra activity.They were from differentprofessions,differentback-

grounds - and they were only brought together fortreatment inan emergency.

They had a 1-week course tostartwith, and from thereon itwas proficiency

training. !can'toveremphasize that,ifyou drop your proficiencytraining,you

are going tohurt somebody. This hyperbaric chamber can be lifesaving,but it

can alsohurtpeople if'youdo itwrong. The only time we had any accidents in

our chamber, they stemmed from the simple lack ofproficiencytrainingand bad

decisions.Something as simple as,_Oh, Iforgot!"

WORKMAN: The majority ofchamber incidentsthat have occurred throughout the world have

been the resultofoperator error.

REIMERS: Iwould like toreinforcethat. I'vedone lotsofaccidentreconstructions,and there

isone thing you typicallyfredin any hyperbaric accident. It'snot one thing

that went wrong; it'snot that two things went wrong;,it'sa seriesofeight or nine

things that happened. Each one taken in isolationwould've been just an irrita-

tion;but each one cut down your maneuvering room untilfinallythere was no

way out. In there,usuallyvery early in the sequence, isan inappropriate oper-

ator response to what would're been justa minor aggravation had the operator
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responded correctly.But, the operator responded wrong, made itworse, and then

usuallyby now people are startingtoget a littlebit ina panic,and they do some-

thing elsewrong. After a while,you have a disaster.

BARRATT: I'dliketoask one other question and move on. It'svery clearthat we allagree

that some type ofproficiencyor drillwould be highly desirableinflight.I'dlike

the committee toreiterateormake a statement on some ofthe things we were

speaking about atdinner lastnight concerning accommodation ofinternational

members, something perhaps as simple as addressing our units.

HAMILTON: The comment was made lastnight,and it'sbeen made previously,and that is:At

least,along with the psi on the gauge, put international units.

NORFLEET: It'sa program requirement, asa point ofinformation.

HAMILTON: Isitreally? Okay; that'sprogress. May Iput something on the record here that

I'llembellish later? Within the treatment protocols,even though we're limited to

pressure and we no longer have the 6A profileofthe 6 ATA chamber, there isa

myriad ofpossibilities.You'llsee that later.A lotofthistraining time could be

reduced by having a computer decision-tree.That would be something that could

be done by someone who didn'thave a lotoftraining inthe treatment protocols.

PILMANIS: We found that proficiencytraining ismost effectivewith "sham treatments",

where you carry out allaspectsofthe experience,every stepofthe way, including

pressurization.When we triednot pressurizing,itwas much lesseffective.
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COURSE TRAINING STANDARD

USAF School of Aerospace Medicine (AFSC)
Brooks Air Force Base TX 78235-5301

CTS B3ozYg300-O09

(PDS Code 8H3)

HYPERBARIC TRAINING FOR HEALTH CARE OFFICERS

I. Purpose: This Course Training Standard (CTS) is:

a. To establish the tasks, knowledges, and proficiency levels of train-

ing to be provided by Course B30ZY9300-OO9, Hyperbaric Training for Health
Care Officers.

b. To provide the basis for the development of detailed training objec-

tives, instructional methods, training materials and training evaluation
instruments for the course.

c. To provide a medium for discussion between training personnel and

outside agencies with regard to the quality of course graduates and the
training needs of the Air Force.

2. Course Description: The duration of this course is one academic week

and is designed to provide education and training for officers assigned to

duties as health care officers and medical specialists in USAF hyperbaric

chambers. Instruction is given in hyperbaric physiology, medicine, chamber

safety, and operations. Included are the physiological problems of diving,

decompression procedures, dives to 165 and 60 feet of sea water, the

etiologies and treatments of decompression sickness, air embolism and other

entities, and the pharmacology of hyperbaric oxygenation. Laboratory

session_ acquaint the students with hyperbaric crew duties and chamber

operations.

3. Qualitative Requirements: The following pages contain the list of

tasks, knowledges, and proficiency levels referenced in paragraph I,

4. Recommendations: Comments and recommendations are invited concerning

the quality of graduate_ and the training received at USAFSAM. Please use
this CTS as a reference and address correspondence to USAFSAM/DA, Brooks

AFB, Texas 78235-5301. Document comments on AF Form 1284 IAW AFR 50-38.
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TASKS, KNOWLEDGES, AND PROFICIENCY LEVELS

1. HYPERBARIC PHYSIOLOGY

a. Department of Defense (DOD) Hyperbaric Therapy Program

b. Compression Physics
c. Mechanical Effects of Pressure Change
d. Effects of Changing Partial Pressures of Gases
e. Physiological Basis of Decompression Sickness and Hyperbaric

Therapy
f. Theory of Decompression Tables
g. HBO Pharmacology and Therapeutic Procedures
h. Hyperbaric Therapy Program - Future
i. Decompression Tables

2. HYPERBARIC MEDICINE

a. Management of Decompression Sickness and Air Embolism

b. Patient Exam and Medical Support

c. Hyperbaric Equipment and Administrative Procedures

d. Tissue Oxygenation

e. Management of Gas Gangrene

f. Management of Carbon Monoxide Poisoning

g. Management of Chronic Osteomyelitis

h. Management of Osteoradionecrosis

i. Management of Non-Healing Wounds

j. Experimental Clinical Uses of HBO

3. HYPERBARIC CHAMBERS

a. Chamber Systems

b. Chamber Safety

c. Emergency Procedures
d. Demonstration Dive

e. Crew Duties

f. Perform Crew Position Orientation Dives

g. Perform 165 feet Dives
h. Perform 60 foot Lock Dive
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°.

URSE TRAINING STANDARD

USAF School of Aerospace Medicine (AFSC)

Brooks Air Force Base, Texas 78235-5301

CTS B3AZY91150-O02

(PDS Code 44P)

HYPERBARIC CHAMBER ENLISTED TEAM TRAINING

I. Purpose: This Course Training Standard (CTS):

a. Establishes the tasks, knowledge, and proficiency levels of

training provided by Course B3AZYglISO-O02, Hyperbaric Chamber Enlist-

ed Team Training.

b. Provides the basis for the development of d_tailed training

objectives, instructional methods, training aids, training materials

and training evaluation instruments for the course.

c. Provides a medium for discussion between training personnel

and outside agencies with regard to the quality of course graduates

and the training needs of the Air Force.

2. Course Description: The course duration is 1 wk 3 days and is

designed to provide education and training of enlisted personnel

assigned to duties as hyperbaric chamber enlisted technicians in USAF

hyperbaric chambers. Instruction is given in hyperbaric physiology,

hyperbaric medicine management, chamber operations and safety proce-

dures. Included are the physiological problems of diving, decompres-

sion procedures, the causes and treatments of decompression sickness,

arterial gas embolism and other entities. Laboratory sessions ac-

quaint the students with hyperbaric crew duties. One dive to 165 feet

of sea water is required by AFR 161-21 and additional training dives

to 120 and 60 feet of sea water are used for student practice

and performance evaluations.

3. Qualitative Requirements: The following pages contain the list of

tasks, knowledges, and proficiency levels referenced in paragraph i.

4. Recommendations: Comments and recommendations are invited concern-

ing the quality of graduates and the training received at USAFSAM.

Please use this CTS as a reference and address correspondence to

USAFSAM/DA, Brooks AFB, Texas 78235-5301. Document comments on AF

Form 1284 IAW AFR 50-38.
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e HYPERBARIC CHAMBERB
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i. Perform 165 FSW Dive

j. Determine Decompression Tables
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I. Perform Crew Chief Duties
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HAMILTON: Well, I'm talking about something different that I'll embellish a little bit later.

But, I agree with that.

REIMERS: With pressurization in a Space Station, they can pressurize 14 to 21 kPa (2 to

3 psi}, just enough to keep the door shut. They don't have to use that much gas.

That's a little enough amount of gas to where you can bleed it back into the Sta-

tion and not upset anything. So, in your long-term gas utilization it should not

make any difference.

BARRATT: Okay. I'd like to move on. Dr. Stegmann has to leave relatively early. I'd like to

move her participation and the ebullism discussion up. We'll go ahead and do that

right now.

Ebullism

STEGMANN: Ebullism isa strange bird,and most people don't know what itis.Itisnot a mis-

spelledword; it'snot _embolism." Iget that a lot.Ebullism by definitionisthe

spontaneous boilingand off-gassingofbody fluidsand tissuesas well as the evapo-

rativecooling and lossofbody water and heat and other materials. That's quite a

mouthful. Itoccurs whenever the ambient pressure fallsbelow 6 kPa (47 mmHg)

- that'swith a body temperature of37°C. With a body temperature of37°C, most

ofthe body ebullizesat about 19,200 m (63,000ft).There are localvariations in

that,depending on skin counter pressure and the localtemperature of the body.

Itisan inherent danger inspace flight.Itcannot be engineered out of the system;

you cannot make thisdanger go away, unlike mr embolism and DCS, which you
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can do a lottogetridof.If'you'reexposedtoa vacuum, you willebullize.That's

prettystandard.

EVAs obviouslyrepresentthehighestriskforany kindofan ebullismevent.It

goeswithoutsaying,"Ifyou loseasuit,you willebullize."Cabin depressuriza-

tions:Depending on how fasttheyoccurand where theyoccur,thatcan alsolead

toalossofenough ambient pressuretocausetheproblem. Pressuresuitfailures:

That'sprobablymore Air Forceoriented,butpressuresuitsand your EVA suits

kindofgohand inhand. But,the otherareathatwe need tolookatisaltitude

chamber accidents.We'lltalka littlebitaboutthealtitudechamber accidents

thathave happened inthepast.

When you ebullize,you have a veryrapidlossofconsciousness.The average

lengthofconsciousnessisabout10 to20 sec.

You geta conditionknown ascardiacvaporlock.You have largeamounts ofgas

thatform intherightsideoftheheart,which isthe low-pressuresideofthe heart.

When the gasforms,you can no longermove any blood.It'sjustlikethe vapor

lockthatoccursinapump. " •

You have pulmonary collapse.Infact,theentirepulmonary treereversesits

pressuregradients.You getapositivepressureformed intheliningaround the

lung,which isnormallynegative,and you literallyforcetheairoutofthe lungs

and causecompletecollapse.You losealltheairinyour lungs;period.You have

cerebralanoxiabecauseoftheinabilitytoventilateand theinabilitytomove any

gas.And, you willdieif'youdon'trecompress;that'sthe obviousoutcome.
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People have been partially exposed. This was done in 1946 by Henry. He

isolated a hand, put it in a box, and sucked out all the air. In about 5 minutes,

the hand had doubled in size, and there was a large amount of subcutaneous gas

that was noted. His subject didn't notice any pain. When it was repeated in 1959

by Ivanoff, his subjects did complain of some pain, and he also was able to anal-

yze that vapor - and that vapor was mostly water, with little or no nitrogen. This

indicated a water vaporization problem. The systems we are concerned about, if

an ebullism occurs, would be the pulmonary tree (that is going to probably take

the brunt of the damage), the cardiovascular system (strictly from the disruption

that's going to occur from the vast amount of bubbling), and the central nervous

system (because of the other two). The last area we're a little concerned about is

the eye, because of corneal freezing. When you lose that much heat that quickly,

things tend to freeze; and there's a concern that the surface of the eye may freeze

and that may cause some blindness.

We have actually had some unprotected exposures to near-vacuum. In the 1960s

there was a real concern with the Apollo Program of how long someone could be

exposed to a vacuum, come back, and perform their normal functions. They had a

total of 18 chimpanzees that were exposed between about 1965 and 1969. They

were trained in baseline performance tasks. They were then taken to 36,580 m

(120,000 ft), which has an ambient pressure of somewhere around 2 or 3 mmHg.

Once they were at altitude, they were left there for up to 2½ minutes, a relatively

long exposure. They were brought down and they were not treated; these ani-

mals were just brought back to ground level. Eight of the nine in the first group

survived and were back tobaseline levelsoffunctioning within 4 hours and could

perform theirperformance tasks that quickly. Ifyou can survive the event, it
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tends tobe a prettysuccessfulreturn tofunction.They repeated it,and none of

the animals died inthe lastset.But, that isthe survival exposure forchimpan-

zees. The thing that Iwant tobring out here isthat they didn'ttake thisout past

2½ minutes. They may have gone to 3½ minutes and stillhad survivors. So the

common feelingthat,ifyou losea suit,you are immediately dead iswrong.

HAMILTON: Do you have information on how quickly they reduced the pressure?

STEGMANN: They were explosivelydecompressed inlessthan a second. They had very rapid

exposure.

HAMILTON: That's going tomake a big difference.

STEGMANN: Yes, itshould cause more damage. The pathology on some ofthe animal work

shows that that causes more damage tothe pulmonary tree.

L =j

HAMILTON: And, they were not denitrogenated.

STEGMANN: No, theywerejust popped up. Bancroft at Brooks worked with dogs. At 2 minutes,

100% ofhis dogs survived. At 3 minutes, only 20% survived. So, he didtake it

out a littlebit farther,and he had a very definiteincrease inmortality. Again,

these dogs were not treated. They were justbrought back toground level.So

that means, once they hitground level,they startedtobreathe on theirown and

theircirculationrestoreditself.This particularstudy brought out some ofthe

concerns with the eyes: They noted transientblindness in the dogs that lastedin

some up to7 days. They aren'treallysure what that was; they didn'tpursue it,
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but they did note transient blindness. I forgot to mention that these dogs and the

chimpanzees were followed up for 2 years, and there was no neurologic damage

out to 2 years out, so it was not a long-term problem.

HAMILTON: Excuse me. Who did the chimp work?

STEGMANN: Koestler. I've got the reference. As you go down the food chain, so to speak,

smaller animals do worse. For most of the rats that were exposed, they had about

a 40 sec, maybe a 60 sec, maximum survival time. This was the only group that

had any kind of medical treatment afterwards. They were artificially ventilated.

The investigators were able to increase survival time with artificial ventilation.

But, without intervention, the rats survived about 40 sec. So, the higher you go

up the body size of the animal, the trend is that they do better.

We had some humans exposed, too, and most people don't know about these. One

was here at the Johnson Space Center in the 1960s. They had an individual who

was at 29.6 kPa (4.3 psi) testing a suit and he lost the couple to his suit and was

instantaneously, or relatively quickly, exposed to 36,580 m (120,000 ft). I've

talked to the gentleman. He remembers the incident. He remembers the saliva

boiling on his tongue, so he was in the ebullism range. He fell backwards over a

railing and passed out. The chamber was recompressed immediately. When he

passed 4270 m (14,000 ft), he woke up. He remembers the chamber technician

calling "14,000 ft" on the way down to ground level. He completely recovered,

got up, and walked out of the chamber on his own.

REIMERS: Didn't he pre-breathe oxygen for 3 hours? Was it 3 hours?
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STEGMANN: We didn'ttalk about the pre-breathe, but he was doing suitprotocols and Iam

quite sure that he did have a pre-breathe.

REIMERS: So, that certainly helped it.

STEGMANN: Surely.And, there issome evidence in some ofthe older work that the pre-breathe

does increase the survival.We'll talk about that ina minute.

The second victim was an industrialaccident victim. He was a very fortunate

individual.This gentleman was cleaning an industrialvacuum chamber when

hisfriend decided toplay ajoke on him and closedthe door, which startedan

automatic cyclethat they couldn'tstop. He was taken toapproximately above

22,560 m (74,000 ft)in a time span of 3 to5 minutes. Itwas a very slow exposure

and he was not denitrogenated. This gentleman had absolutely no protection

from thisexposure. We don'treallyknow about the length ofexposure or the

absolute altitudebecause hisfriend,in a panic,went running around tofind a

supervisor and they ended up having tobreak through a window toget into this

chamber. They reenacted the incident toapproximate the time and altitude.

When they opened up the chamber, they found a very sickindividual. The man's

lung had burst,and he was bleeding grosslyfrom his lungs,which was not unexp-

ected. He required intubationbecause he was not breathing on hisown. He had

an air embolism injuryand DCS along with thisinjury.

That isthe other point that Iwant tobring out. Ebullism isnot an isolatedstate.

When you ebullize,no matter how much you pre-breathe,unless you have ab-

solutelyno nitrogen inyour body you're probably going tohave some degree of"
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decompression sickness involved inthis injury.And, you willhave airembolism

by virtue ofthe factthat you've now destroyed parts ofyour lungs;and it'svery

likelythat,when you reinflateyour lungs,you'regoing to introduce airinto the

vascular tree.This tearingmay occur with even small pressure changes due to

the pressure reversal inthe pleural space,and thisshould be kept in mind when

evaluating ebullism patients.

They waited 5_rhours totreat him. They had toput him inan ambulance totake

him tothe treatment chamber. They took him toMilwaukee, and he was treated

on a modified Table 6A because, atthat time,that was the standard. Iguess it

stillisthe standard. But, he was only at 6 ATA forabout 2 minutes. When he

got todepth, he woke up. He was combative and obtunded; but he woke up. And,

he startedtohave some spontaneous respirations.He continued tobleedfrom the

pulmonary tree,but he was able toexchange gas. He did require Valium tokeep

him down. I'm sorry.An obtunded victim isone who isawake but very combative,

doesn't reallyknow what's going on. They'llrespond but the responses aren't

appropriate.

HAMILTON: His mind isnot clear.

STEGMANN: Right. Thank you. However, he was awake and alertat 24 hours. He was able to

respond appropriately tothe people around him, and he was taken offhisventila-

tor atday 5. At 24 hours,there were no gross neurologicdeficits;meaning, he

wasn't paralyzed on one side.They couldn'tevaluate his speech because he had a

tube down his throat,but there was no def'miteinjurythat could be identified.

He was just groggy. He had increased reflexesinthe lower extremities on day 2.
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They alsonotedhe was more emotionallylabile,but that'sa verysubjective

finding.Two yearsbeforehe had hisaccident,thisgentleman was intheNavy

and had psychologicaltestingdone,which theywere abletopullout and use as

a baseline;sohe didusa realfavor.On day 14,theyrepeatedhispsychologic

testingand noticedabouta 25% decreaseinhisoverallmentationstate,which

isn'tbad consideringtheexposurethisgentleman had justbeen through. At

3months,he had a normal neuralexam and a normal electroencephlagram.

And, thepsychologicdeficithad decreasedtoonly15%; itwas up 10% from the

earlierexamination.He had hisfinalbatteryoftestsatIyear,and he showed

performancethatwas actuallyabove hisbaselinelevel.Thiswas probablya

learningeffectand notaresultoftheebullism.Ido notwant togo on record...

SPEAKER:

STEGMANN:

You don'trecommend it.

Ido notrecommend ebullismforincreasingthemental capacity.But,atIyear

he was losttofollow-up.We alsodon'tknow about theophthomologicaspectsof

thiscase.

What arewe doing atBrooksrightnow? Brooksiscurrentlyinvolvedinlook-

ingatwhat we can do fortreatmentforebullism.Ishouldsaythat"Brookshas

maintainedaccreditationfrom theAnimal CandidateUse Committee, and they

have maintainedthisaccreditationsince1967."These areapprovedprotocols

thathavegone through numerous reviewprofiles,sohopefullythatalleviates

anyone'sworries.Pleasetakemy assurancesthatthishas beena veryclosely

scrutinizedstudy.
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We are exposing guinea pigs to 26,520 m (87,000 ft) for various times, looking

for a couple of things. We are looking to define the pathology; we are expecting

better than what's been defined in the past. We are also looking to see if we can

treat this particular animal. Right now, we're treating with at ground-level air,

ground-level oxygen, and hyperbaric oxygen on the straight Table 6A. Why are

we doing this? There are some very good reasons. One of them is this: We need

to develop some better protective measures to decrease the amount of damage

we're seeing. That's a long way down the road, and we have a lot of groundwork

to do before we can do that. But, we also hope to develop the medical treatment

protocols because, as of right now, there are none. There are no recommended

methods to do this; there's only been one real treatment. What we're hoping to

do in the future is to look at different treatment tables and different methods of

ventilation.

Bill Hamilton had asked me last night what we're finding in our studies. One

of the big hurdles we have had to overcome is that we can't ventilate the guinea

pigs when we get them down. We're having a lot of trouble inflating their lungs,

and this may be a challenge in the future. We have some ideas on why this hap-

pens, but apparently the lungs have really undergone such dramatic changes

that we just cannot get air into them.

PANZARELI_: IS there a reason why you are not looking further at chimpanzees?

STEGMANN: Yes. For one thing,ifyou want tojustifythe use ofa primate, any kind ofa pri-

mate, you have tohave some very hard evidence that you are not justfishingin

the wind. That's reallyone ofthe reasons you need tohave some groundwork
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done. No work has beendone since1967. We choseguineapigsbecause we

thoughtthattheywere notoxygen-toxic.However, we'renotsureanymore.

Rats arenota good model. Mice arereallytoosmall;you reallycan'tget much

tolookatwitha mouse.

PILMANIS: Thiswas a preliminarystudy,really,beforegoingtoa largeranimal.

STEGMANN: Yes. And, sinceno one has evertreatedan ebullismexposure,we reallydidn't

know what toexpect.

HAMILTON: Can you statethe resultsyet- currently?

STEGMANN:

HAMILTON:

Preliminary.Ifyou ask specificquestions,Imight be ableto.

What's your incidence of survival?

STEGMANN: The survivalcurves?That'sreallyhard tosay.There aresome species-specific

problems thatwe'rehaving.Our survivalcurverightnow forguineapigs:They

do well.At about60 to100 sec,we have about a 40% mortality.At about 110 sec,

we gotabouta 60% mortality;and at115 sec,we'vehad noneof10 survive,which

was a littlebitsurprisingbecausethere'saverydistinctcutoffbetween110 and

115 sec.Thisisverymuch a learningevolution.We're learninga lotas we go.

REIMERS: In some ofmy work withunderwater accidentreconstruction,Ifoundthat,people

thathave been inunderwaterblastsituationsand have lungdamage from it;you

can killthosepeoplebyputtingthem on a ventilator.There aresome lessons,
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considering the lung damage that occurs here. What does that tell you about

trying to use a ventilator on these folks?

STEGMANN: Well, one of the problems that we have that blast injury doesn't have is that

ebullism has a surfactant problem. We've apparently boiled offthe surfactant.

Surfactant is a detergent that the lung uses to keep the lung inflated; it overcomes

the wall tensions so that you can actually expand the lung. It's an oil, but it rides

on a fluid base. And, we may be boiling offthat fluid base, which may make our

surfactant ineffective. Because of that, the opening pressures that are required

are very high. And, we have no air in these lungs. If we have animals that did

not attempt a respiration and we couldn't get any air into them, when we take

them to necropsy, their lungs are no longer normal. The lungs have a liver-like

consistency and they sink when you put them in water, and that means that they

have absolutely no air in them. So, if we don't ventilate the animals and they're

not breathing on their own, they're dead. The other thing that we're finding is

that, it is helpful if we can get the animals to self-initiate. When we started this,

if they came down and didn't breathe, we attempted to ventilate them with Ambu

Bags.

HAMILTON: The Ambu Bag is much bigger than the guinea pig.

STEGMANN: Yes. It does seem to be an exercise in engineering. But, we found that we actual-

ly did better just stimulating the guinea pigs, and, if they could self-initiate that

first breath, they had better survival. We have successfully "Ambu'ed" and got-

ten two or three back. Of the two that we got back, incidentally, they were both

in the ll0-sec range and they were remarkably easy when I went to bag them.
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Ibagged them and the lungs immediately inflated,which had not happened

before.

HAMILTON: You may be dealing with an airway problem rather than a lung problem.

STEGMANN: We thought about that,also. We don'tthink it'san airway problem for two rea-

sons: Number one, we've triedintubating them. Guinea pig anatomy isvery dif-

ficult,but we think we've gotten access intothe airway. But, the other problem

isthat when we take them tonecropsy and we try toinflatethe lungs with saline,

which isa standard procedure, they won't inflatethere either. We are looking at

differentmethods toinflatethe lungs. What the research isshowing rightnow

is,especiallyin surfactant-depletedlungs,that high-frequency ventilationworks

reallywell because itcan open the airways; itdoesn'tallow that repeated collapse.

Once you get them open, they stay open. That'spart ofthe reason we're looking

atnew ventilationtechniques. Regarding high-frequency ventilators,Idon't

know how practicalthat would be in thissituation.But, that may be the only

way we can actually get a lung open and keep itinflated.

HAMILTON: May Imake one point on the animal aspects? You reallyshould use some other

large animal beforeyou go toprimates.

STEGMANN: We're not going toprimates now. We're going to monkeys.

HAMILTON: Okay. But, Iwould recommend not going toa ruminant or a rabbit,because

they'regoing tohave intestinalgas problems. Use pigs. They're very,very neat

and they'rea very practicalanimal.
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STEGMANN: Well,thereareproblems withusingpigs.They were one ofour initialanimal

models.

PANZARELLA: I was just going to ask, I don't want to belabor the issue, but have you looked

at birds that fly at very high altitudes to see what their bodies can overcome?

What's different? There are some birds that fly at very high altitudes.

STEGMANN: Yes, but not above 18,290 m (60,000 ft). They fly above 12,190 m (40,000 ft).

Some geese fly at 12,190 m (40,000 ft), but not above 18,290 m (60,000 ft).

BARRATT: The pulmonary anatomy is quite different in birds. Birds also have the ability to

respire through their skeletal systems, which we don't.

BorE: I was thinking about antifreeze. Antifreeze does two things: It lowers the freez-

ing point and raises the boiling point. What you're doing is throwing more solute

into the water to keep it from boiling. I guess the question is: Where does that

thought lead you in terms of trying to protect someone from ebullism? Could you

increase the solute concentration in their body water? The first thing that came

to mind was alcohol, but that's also antifreeze. If you could add a hydrous group,

for example, you could possibly reduce the amount of gases that are free because

their boiling point was raised. It's a crazy thought, but it's just something to

consider.

STEGMANN: Those areallissueswe reallywould liketobe abletolookat,but thisissuch a

new field.There'sbeen solittledoneinit.
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HAMILTON: Ithink thisshould be put on the record. There isa guy atWright State who's

working on the use offluorocarbon injectedintothe circulatorysystem toremove

inert gas. This was the poster that illustratedthe issue ofthis thing. His name is

John Simanonok.

BorE: There isalso a man atTemple doing that.

HAMILTON: Well, it'sfar out,but it'ssomething that might be thought about. Actually, it

relatesmore tothe gas-loaded individual indecompression sickness than tothe

ebullism victim.

BORE:

HAMILTON:

Fluorocarbon has a vapor pressure that's,Ithink,lower than water. Itwould

probably vaporize fasterthan water would. They can vaporize, Ithink.

That may not be a solution.Itcertainly wouldn't be protected,iswhat you're

saying.

BorE: It'shard to say. Some littlegroup atTemple has shown thatyou can absorb inert

gas bubbles with fluorocarbon in the vascular system. In protecting guinea pigs

from the lethaleffectofdecompression sickness,rm not sure itwould work the

same way; but the ideaofhelping tointroduce soluteinto a body ofwater isan

interestingthought. You could do itwith glucose or something likethat.

STEGMANN: The possibilitiesare reallywide open. But, forour purposes right now - that is,

EVA - we can expect tohave an ebullism event before too long. We've had two in

chambers, and we may have had a third,although we don'thave documentation

k_
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on it. It's more anecdotal. So far as we can tell, the humans that have had their

exposures have lived. I think right now what we're looking at is, if and when this

does happen, are we going to treat it? And, what do we need to treat it? Until we

actually get people convinced that it is a survivable event, looking at protection

isn't going to be particularly helpful. The chances of occurrence are always there.

PILMANIS: You should probably mention here that there have been at least five deaths from

ebullism operationally; four Soviet cosmonauts and one Air Force pilot.

STEGMANN: The Air Force pilot had about 10 sec of useful consciousness. He may have been

able to eject. But, he had been taught that he could not survive ebullism and,

therefore, he gave up.

BARRATT: Okay. Thank you, Barbara. I'd like to move on. I think we can take home the

fact that a rapid suit depressurization is not a uniformly fatal event, or automat-

ically fatal, and that we do need some treatment protocols, or at least we need to

address seriously the idea of treating one. Lou Panzarella's question brought to

mind that there is a gentleman out at UC-Davis who's working on comparisons of

birds,particularlyhigh-flyinggeese and theirphysiology and theirresponse to

high-pressure altitudes.Dr. James Jones isvery interestedin developing that

comparison.

REIMERS: One comment: The treatment of an ebullism has a training impact. In a DCS

situation and in treatment of the DCS, it's going to be a rare day when you've got

to do something really fast. You're better offtaking your time and making sure

you don't do something wrong. But, treatment of an ebullism is a genuine medi-
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cal emergency; there'sgot tobe a rapid response with no thinking involved. It's

not justreflex;you're done before you start.

SPEAKER: That's the one thing that reallydoesn'tget drilled.

BUCK: Especially sinceyou'retalking minutes beforeyou can return to the airlockand

recompress toyour Station ambient pressure. Depending on how farout these

guys are on theirEVA, you reallyare talkingmaybe 2½ minutes.

STEGMANN:

PILMANIS:

That survival time may go up. There are a lotofthings that may happen. They

are going tobe cold;they'regoing tobe freezing.That may actuallyprotecttheir

heart and _)rain,sothat may increase your chances. There issomuch that needs

tobe looked at.

There's more and more evidence that the brain can really survive longer than

previously thought.

STEGMANN: And, there are a lotofdrugs that can help. But, that isso fardown the road I

don'twant toreallyspeculate,except tosay that,I'dliketolook atit.

BARRATr: Thanks, Barbara. I'dliketomove on to Dr. Hamilton. He'llbe discussing some

treatment and escape tablesforour 70 kPa (10.2psi)Station. Ifldidn'tmention

ityesterday, I'm trying to skirtthe issue ofthe 90-day Orbiter;but,ifthat does

come topass,we would probably be looking ata 70 kPa (10.2psi)Stationfor the

duration.
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Procedures for Hyperbaric Treatment Attendants

HAMILTON: There are two handouts (FIGS. 96 and 97). One is decompression tables and the

other is the conversion tables. I was tasked with the problem of looking at the

consequences, basically, of getting out of the chamber after parts of a Table 6

treatment; that is •to say, if you've been through some parts of the treatment and

need to return to cabin pressure for some reason. We don't have a pass-through

lock, a transfer lock; the medical equipment lock is a little too small for most of

us, and so we have to take the chamber to Station pressure. I will probably say

"ground level" a few times, but this is all done with ground-based, diving-oriented

techniques. I apologize for presenting the results in feet of seawater, but I just

didn't have time to convert them to kilopascals - or psi, if you will; it can be done

in psi. Most of us are more conversant with feet of seawater anyway, so that's

what we have. What you have here is the Table 6 treatment. Basically, it con-

sists of going to 2.8 ATA or 60 fsw for normally 3 periods of 25 minutes, of which

20 minutesison oxygen and 5minutesison air.Now, thepatientbreathingall

thisoxygendoesn'thave a decompressionproblem;it'sonlytheattendantwho

does.We arelookingattheattendantsituationhere.So,thetaskwas totryto

developexcursionproceduressothatthechamber couldbesurfacedortaken to

Stationpressureand thentakenbacktothetreatmentpressurewith a transfer

ofattendant,ora change ofattendantor,perhaps,some equipment. Ithinkall

yourequipment willgothroughthelock,but peoplewon't.Thisstudywas based

on an ambient StationpressureofIATA so,exceptforthelastlinehere,allofit

is looking at that.
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HAMILTON:

(Cont'd)

The firstthingtodo was tofindout what thedecompressionobligationsare.I

justtookthenormal Table6,and thisfirstrun usesa typicalHaldane approach

todecompressioncomputationwithan algorithmthatisa littlebitmore conserv-

ativethan theone thatwould be usedfor,say,theNavy airdecompressiontables.

I'veused thatbecauseit'sworking inothersituations.This willgiveus a more

meaningfulexposure;inotherwords,itwillcallfordecompressioninsome situa-

tionswhere theU.S.Navy procedureswould notbutwhere,historically,theU.S.

Navy procedureswould notbe veryreliable.

What I didwas decompressindividualsorthehypotheticalastronautordiver

afterseveralsituations.Aftera normal Table6,you come out,accordingtothe

procedure,and end up withno decompressionstoprequired.That istosay,the

attendantbreathesoxygenforthelastpartofthetreatmentprocedure,justthe

30minutes from 30 fswand 193 kPa (28psi).Ifyou breatheairfrom thatpoint,

insteadofgoingon oxygen,however, we fundthata20-minutestopisrequiredat

3.05m (10ft).Thisparticularprogram willstopat3.05m (10ft)becausethat's

theway thatmost ofourexperiencehas gone.Ifyou tryand gotothe surfacefrom

the285 kPa (60fsw)partofTable 6 withoutthe 193kPa (30fsw)period,you fred

thatyou need 25 minutesofdecompression.

These are notthingswe willconsiderdoingintheStationatall;itisnotappro-

priatetododecompressioninthiskindofsituation,becauseyourpatientwould

havetogo throughthat,too.But,thisistocharacterizethelevelofdecompression

required.So,thesenumbers here aretheonesthattellus what we have. You

don'treallyneed tolookatthedetailsbehindthat-justthat25 isworse than20.

That'sthe message. Istartedaddingtheextracycles;a cycleisa 25-minuteperi-
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od of which 20 minutes is on oxygen, 5 minutes on air. If we add 2 extra cycles,

it's 50 minutes, and you finish the table in the normal way with breathing oxygen

in a linear ascent to the surface. So, the procedures that are in the book do in fact

get you out. I never use the word "safe" to talk about the result of a decompression.

I always use "reliable," because it can never be considered really safe. While it's

not safe, it's really not "unsafe" either; so, I don't use that word. Anyway, you get

out quite all right if you continue the decompression on oxygen. Now if you use

air, breathing air going to the surface from 285 kPa, you fred a lot of decompres-

sion is required. It's a stop at 163 kPa (20 fsw) and a long stop at 132 kPa (10 fsw).

So again, this is probably the worst one you have up here; that is, to go through

two extra cycles.

For some reason, the procedure that's included with JSC-31013 only allows one

extra cycle at 285 kPa (60 fsw). I think that's a mistake, and we've discussed it

and haven't really found a reason for it. But, the Air Force does call for two. !

think it's a small point, but I did all this before I noticed it only called for one.

But anyway, if you put two extra cycles at 285 kPa (60 fsw) and then do the

normal 193 kPa (30 fsw) stop, it calls for quite a long stop in coming up with air.

These were all done at 132 kPa (10 fsw) or a third of an atmosphere per minute

ascent rate. Now, I just picked it. It's a reasonable value. You can go faster than

that, and there might be an incentive to do it. But here, we have the slow ascent

that is called for in the table - 1 fsw per minute - or we have what I call the fast

one, which is still not as fast as you can go, but it's just one used for this exercise.
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This iswhat happens when we extend the table atboth 285 and 193 kPa (60 and

30 fsw). An interestingthing develops here;during the time 193 kPa (30 fsw) is

more or lessneutral. In other words, you take one extra cycle,you get a few min-

utes more required decompression; you take two, you get a few more minutes; you

take three,you only get very small increases in the required decompression with

additionaltime at 193 kPa (30 fsw). You don't get any help;you get a littlebit

more decompression required. But, extra time at285 kPa (60 fsw) isvery costly.

Itbegins tobuild up rather quickly. Extra time at 193 kPa (30 fsw) doesn'thave

much effectone way or the other. So, then we put in some oxygen breathing here.

Now we've got toget the guy out. These were intended tocharacterize the scope

ofthe problem. Now, we're going tohave the attendant go on oxygen at treat-

ment pressure untilit'ssafetogo straighttocabin pressure because that'sthe

algorithm we're trying tothink about. We found that,afterthe normal 3 cycles

at285 kPa (60 fsw) but skipping the time at 193 kPa (30 fsw),itrequires an

11-minute stop ifshe decompresses on air.So, that'stocharacterize where we

are. In other words, it'sreallynot as serious as coming out ofthe finaltable with-

out oxygen breathing; at60 minutes at285 kPa (60 fsw),no stop isneeded on the

UW tables.This algorithm would allow a few minutes lessthan that. It'sa little

more conservative atthat point;inany case,you are not invery bad shape. You

could skip this most ofthe time. Itwouldn't hurt anything. On paper, a few peo-

ple would get bent,but it'snot a seriousdecompression requirement to go ahead

and justgo tothe surface. Add an extra cycle;now 18 minutes are needed; add

two extra cycles,itcallsfor25 minutes. I'm sorry,Imisspoke. These are periods

ofoxygen breathing. These are not air stops at 132 kPa (10 fsw);these are oxygen-

breathing periods at 285 kPa (60 fsw). Ineed two extra ones, but you can see that
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that was what was required. I'm sorry I said the wrong thing a moment ago.

These are periods of oxygen breathing at 285 kPa (60 fsw) or 2.8 ATA after

the normal 3 cycles.

Again, where the attendant is breathing only air, he can breathe oxygen for

11 minutes and then pop to the surface - in other words, that's a clean decom-

pression. If he extended 1 cycle, which is the one that was in the handout orig-

inally, he needs 18 minutes of oxygen breathing at the end of that time. Now, if

he starts it sooner, the obligation is less. If you're breathing oxygen at 2.8 ATA,

you have a toxicity problem, so we put the patient on oxygen in cycles. When the

oxygen-breathing period gets above 20 minutes, we have to put it into cycles.

That's what these last two lines are; they're the same situation as these, except

we don't need an oxygen cycle for these because they can breathe it all in one

period. But, when you break it down and have to breathe it in cycles, it takes

that 25 plus 5 minutes of air breathing; so that takes it to 30, and it calls for

3 more minutes of oxygen breathing because of the gas you picked up during the

air cycle. So, by breathing it in cycles - 20 on, 5 off- we have a 33-minute period

here. This is 41 minutes if we have three extra cycles that are off the map, but

it's one I thought we should look at. I looked at what happens if you breathe the

oxygen during a stop at 132 kPa (10 fsw) to see what benefit the oxygen gives

us. I think that's possible with this. In other words, ffyou breathe air, it takes

20 minutes; if you breathe oxygen, it takes only 5 minutes.

BARRATT: These are to get to the surface and stay at the surface?
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HAMILTON: Yes, tothe surface (IATA) and stay. Now, that was allbasicallyformy infor-

mation toget tothe point oflooking at the realproblem.

BUCK: Just one quick question back on that straightset ofanalyses. You added one

extra at 30 and you have 75 minutes there along allofthose. What isthat?

HAMILTON: At 193 kPa (30 fsw) or 28 psia,the extra cyclesare 75 minutes- 60 minutes on

oxygen, 15 minutes on air. Now, we add a littlerumble here,a littleconfusion,

because the Air Force continues with these 20 and 5 cyclesand they break itinto

three 20-on/5-offcycles,whereas the Navy callsfor 60-on/15-offcycles.But, it

stilltakes 75 minutes the other way. To add a "singleextension" at 193 kPa

(30 fsw) isa 75-minute extension.

BUCK: So, two extra is150.

HAMILTON: But, you can add these things one at a time, two at a time,three at a time. I hope

one thing that shows through here isthe factthat even this,looking atjustone

littlepartofthisthing,isvery complicated. Ipicked a rate,Ipicked certain times,

Ipicked certainexposures, and Istillgot a whole bunch oftables.Itwould be

sillynot tobe able tohave the option ofusing allthese possibilities.This thing

should be put intoa small computer; itcan fiton a singledisk. Really,thisisnot

that di_cult todo. And, you then can followa decision tree. Obviously, you're

going tohave training and help from the ground, and soforth. But, this thing

gets complicated reallyvery quickly,and we want tobe able todo the right thing

foreach individualsituation.There are somany possibilities,it'sgoing tobe a

book oftablesthat'sgoing toweigh more than a laptop computer.
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PANZARE_; What's the surface in these? Is it 101 kPa (14.7 psi) or is it 70.1 kPa (10.2 psi)?

HAMILTON: The surface here is 1 ATA simply because the wheels roll slowly and that was the

task. However, there are two other aspects of this: One is, what if we aren't go-

ing to come out forever? We only want to make an excursion to the surface to

transfer and then go back - for example, open the door, put somebody in or out,

and go back. Now, obviously the guy that's in can't go out unless he goes through

this full decompression. So in order to do that, I took the data that Dr. Eckenhoff

of the U.S. Navy had been doing in studies of submarine rescue in taking people

to the surface. I'll try to explain very quickly what this is. For people saturated

at different pressures. He was looking at how many times they can go to the sur-

face and then go back to saturation without a problem. He calls this "latency,"

which is a pretty good word. In other words, if you are at a given pressure - say,

we're at 285 kPa (60 fsw), 2.8 ATA - and we want to go to 1 ATA for a short

period of time, how much time can we stay there? Well, he took people from four

different depths of 45, 55, 65, and 75 fsw, and he measured three things. The

triangles are the amount of time before they began to itch. This is a universal

finding in a chamber; it always happens when you make this exposure. Nearly

everybody gets it, and they usually get it fairly soon. It's not a big problem. It's

normally not even regarded as requiring treatment if it happens from a normal

dive, but still it is a signal that something is happening. This is the development

of the venous gas emboli, the Doppler bubbles. This is what we determined was

the threshold of decompression sickness. Now, he did a very nice curve that fits

with a 0.99 R for these things; these are a simple power curve.
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The problem isthatalthoughhiscurvefitshisdataverywell,he chosethese

specificdepthsand thetimesofexposurestodepth.The timeshe developed,but

thedepthshe chose.The thingshe triedwere alsofLxedahead oftime. So,these

thingscouldhave been done verydifferentlyand thesame physiologycouldhave

givenus verydifferentdata had a differentquestionbeen asked.Not totake

thosenumbers asbeingtoohard anyway; we tookdatabutdidnotuse hiscurve,

which isdone inratios.The problemwithratiosis,ifyou takeitfrom,say,75 fsw

tothe surface,we geta certaintime;ifwe takeitfrom 150 to75fsw,we getan

infiniteamount oftime which we know isnotthecase.So,we felttherewas a

limitationintakingwhat he didand usingitinallsortsofsituations,and so we

developedanothercurve.

Here are Eckenhoffdatapoints.Now they'reina differentperspectivehere.

Time isusuallyonthe abscissabut,here,time istheoutput;so,timeison the

ordinatefora givendifferentialpressure.And, we came up withthismessy

lookingequationhere.It'sreallynotquiteallthatbad,and it'sreallyonly

our method ofdoingacurve fit.Now, itdoesn'tfitthe datanearlyaswellas

Eckenhofrs littlecurvedid,butwe thinkitmeets our needsbetter.

We have acoupleofthingsthatareimportant.Here issortoftheasymptote.

This isthedelta-Pthatyou can toleratefrom an infiniteexposure.That'sthe"T

nth",the delta-Pforinfinitetime.Then there'san asymptoteofasorthere;in

otherwords,you can takealmostany pressurefora shortenough time.We don't

reallydevelopthatintoa cleanasymptote.Because he usedonlyshortexposures,

we don'tthinJ_thisapproach ismeaningfulbeyond,and probablynoteven mean-
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ingful up to, latencies of 60 minutes. Certainly, you can't rely on decompression

sickness waiting for an hour before it comes on.

Now if you've got someone whose exposure is going to induce decompression sick-

ness, you've got a certain amount of latency you can count on; but we do not think

it is meaningful to trust latency beyond an hour. The problem that I was asked to

solve called for a half hour maximum, which is reasonable. That's all we feel we

need this excursion to do. But, we do have data that let us play with an hour.

The delta-P for a 5-minute exposure is this end of the curve. We can vary this

parameter here, which looks like a half time, and it changes the curvature, mov-

ing the curve up and down. This is not actually the curve I used. When I went

back into'the graphics program to try to get it to work, I was in a hurry and I

think it may have exploded, so what you see is what I had already printed. So,

this shows what we've done, but it doesn't show the actual curve we used. We

took that curve, put it in the decompression program, and that gave us fixed time

periods for given delta-P's. In other words, we could estimate what our latency

or what our excursion period is from that. When we put that in at the end of the

normal 5 cycles, which is the maximum treatment at 285 kPa (60 fsw), we could

go to the surface for the full 60 minutes that the algorithm allowed without ex-

ceeding the latency.

Now, there's a problem with that. This formula calls for picking a compartment;

we only used one half.time compartment to test against this curve. We chose in

our model compartment 9, with a half-time of 385 minutes, because it matches

the empirically determined 360-minute compartment that the NASA people

have found to be effective. The problem is, that compartment doesn't load up
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very much gas from the kind ofexposure we're talking about. So, you've got gas

peaks in the shortercompartments that don'tplay a role inthe kind ofexposure

that Eckenhoffdid; sowe have togo back and take another look.

Johnny Conkin, who used to be here at JSC, isnow a graduate student atBuffalo.

He has put together,mainly from his work here,a huge database inwhich he has

virtuallyevery published altitude exposure. This isfrom the paper he gave at

the UHMS meeting inSan Diego a couple ofmonths ago. Here we're looking at

two things: First,we have tofigure that thisisa 360-minute compartment.

We're going tohave totake thiscurve and look at itforthe compartments that

have been loaded by thisexposure and findout that there issome restrictionthere.

We know you can'tgo straight tothe surfaceand stay,so we have tofigureout

how toget the excursion on one ofthe slower compartments. We don'thave much

to go on there because the Eckenhoffwork was alldone on a square wave; you

just go there and see ifyou can get away with it.What Conkin and Van Liow

have learned isthat thiscurve represents a change from one pressure toanother

that ispresumably, as Conkin used the word, _safe."(Itoldyou already Idon't

like that word.) Presumably, ifyou stay inthiszone when you go from one pres-

sure toanother on thissideofthe curve you don'thave any problems. The ending

pressure ison the Y axisand the starting pressure on the X axis isconverted toa

partialpressure ofnitrogen (pp N_), and there'sa littleaccounting foralveolar

effectsfrom what's expired.

This issupposed tobe the safe side;we know it'sbad over here. This side issup-

posed tobe safe.But forthese points,Conkin's data show that thisparticular P1,

P2, delta-Pratioofpressures doesn't account forallthisknown decompression
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sickness. So they say, "Let's draw another line." In fact, this line intersects with

the other line up here and pretty well encloses the experience. That means that

we now have a partial nitrogen pressure that we can have on board in all the

compartments; for example, if we go to 8535 m (28,000 ft), you see where we are.

We're right in the middle of this. But, with this much gas on board, this is as high

as we can affordtogo and stillmiss thiszone, which ishigh risk. So, we ought to

take these numbers and, again, adjustfor the factthat we're dealing with a faster

compartment. We can'trely on the 360-minute compartment where we're loading

and unloading both. We have touse a fastercompartment for that. So, that'sthe

next step with the thing.

Again, Ithink we're going tofredthat there are some restraintson how much

time we have forthe excursion when we look at the shortercompartments. Now

what thisisfor,though, isnot forthat;it'stoallow us togo toaltitude.We will

convert thiswhere itfitsintoour algorithm now totake the people back to70 kPa

(10.2psi).That'sthe next phase ofthe project.This isabout where we stand.

PILMANIS: Have you lookedat comparisons with escape tablesinthe Air Force manuals?

There isa setofescape tables.

HAMILTON: I haven't look atthem in the manual. What do they say?

PILMANIS: Well, I don't have it here in front of me. I would just mention that we used those

tables to escape for many years successfully. All this experience was at 6 ATA

rather than 2.8 ATA. There is a 2.8 table; we just didn't have occasion to use it.
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HAMILTON: It'sa much differentthing.

PILMANIS: But, they were calculatedthe same way. So from that sense,there'sa common

thread there. We used them mainly toget our tenders out in cases where the

patientwas pronounced atdepth successfully;no bends whatsoever. When we

switched tothe DCIEM tables,which appeared tobe more conservative, we had

tenders bending. IalsotriedCarl Huggins' escape-from-treatment tables,a whole

book ofescape-from-treatment tables. The firsttime we trieditIbent my wife,so

Idid not continue. There issome experience on escape from treatment.

HAMILTON: Ithink I should make one comment. Perhaps you've got it,but I want tomake

sure it'su_nderstood.We have these formulas, we use these algorithms, but

everything has tobe relatedtodata forittohave any meaning. This istrue for

diving decompression; it'salsotrue foraltitude.We have a bitofwork yet todo to

bring allthe data inand make itso that we can apply thisparticulartask. We're

going to have togo to70 kPa (10.2psi).Let'sface it:This ishelpfulasan analy-

sis,but itdoesn'treallysolveour problem. Idon'tthink it'sgoing tobe a horren-

dous additional problem, but Ithink we've got topress on with it,and we've got to

get the data todo that.

BARRATT: Thanks very much. So, we need some new, creativetablesthat Dr. Hamilton is

helping us todevelop. I'dliketogive the floortoDr. Bore at thistime. He's go-

ing tobe discussing something we touched on brieflyyesterday, and thatistime

toreturn toduty afterDCS treatment.
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Return to Duty Following Hyperbaric Treatment On Orbit

BOVE: We'll talk about two different things in the return-to-duty issue. I've put togeth-

er a very brief review; and this is really a review, because I'm not sure there are

enough data to make clear statements.

[NOTE: Text out;_5-minute gap atthebeginningofDr.Bove'spresentation.]

BOVE: Issuesthatcome up are,ifsomebody isout on EVA and getsbent,thequestionis:

What are thetimesthatwillallowhim toreturntonormaldutyworking inthe

Space Station?And, theotheris:What are thetimesthatone would delaybefore

allowingthatindividualtogobackand do more EVAs and returntotheexpos-

ure? Thiswas addressedata workshop thattheUndersea MedicalSocietyheld

back in 1980 - actually Dr. Hamilton was there and a number of other people.

And, the issue was raised then because the United States Navy had declared a

1-week delay after a pain-only bend. That caused a lot of havoc with the com-

mercial diving industry, particularly because, for some reason or other, the Navy

diving manual turned out to be a standard of care; and it was of great concern to

have a standard of care saying "1 week" when most of the people in the commer-

cial business had been putting people back to work in other sectors after 24 hours

with a simple pain-only bend that cleared readily. That workshop brought out a

number of issues, and they made some recommendations at the end of it, which, I

think, were at least considered to be reasonably valid, useful recommendations.

But, that's where we have most of the basis, in the decompression from diving

relationships.
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The Air Forcehas itsrulesregardingreturntowork, and IguesstheNavy has

rulesregardingreturntowork (theAirForceforaltitudeand theNavy fordiv-

ing).But,letme justshow you what theconsensusofthisworkshop was because

thisisalittlemore inkeepingwiththekindofenvironment thatwe'dseeinSpace

Station.Remember thattheNavy and theAir Force have a lotofpeople;so,if

theyhave an operationgoingon - inparticular,a divingoperation- and there

are 10 divers,there'sno problem withputtingone diveron deckdutyorsurface

dutyfora whileand replacinghim with somebody else.So,they'rerelativelycon-

servativebecausetheydon'thave any pressingneeds tohave one personback to

diveagain.And, tosome extenttheAir Forceisinthe same situation.There are

enough personnelthat,ifyou have any doubtsatall,justputsomebody elseon

thejob.

ThisisnotthecaseintheSpace Station.The crew isquitelimited,and theremay

be need tohelppeoplegoback todutyon a veryshortnotice.But,letme justgo

overtheway thingshavebeen brokendown before.I'veturnedthem intowhat

we might thinkofintermsofSpace Stationenvironment. You'llnoticealsothat

I'vegotpain-onlyand neurologicdecompressionsickness(FIGS.98 and 99).The

othersheetthatIhanded you isthe nexttalk,butyou'llnoticeinherethatwe're

stilltalkingaboutpain-onlybends and neurologicbends. That kindoffallsback

intothisancientcategorizationofType Iand Type IIdecompressionsickness,

which isalways challenged.Everybody wants tomake itbetterordifferentora

littlemore preciseintermsofthe clinicalfindings.But,atleastfortodayI'm go-

ingtostickwithsimplepain-onlybends and neurologicdecompressionsickness

withour understandingofit.They'reanatomicallydifferentand,clearly,they

have functionalimplicationsthataredifferent.
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DCS treatment in Space Station Freedom

A. A. Bove

27 September, 1991

In spite of arguments regarding the accuracy of discrete staging of DCS, there is

still merit in classifying DCS into two types: minor and serious.

Minor DCS (type I) involves the bones and joints, usually is manifest by pain in

an extremity, and is not associated with systemic involvement. Pruritis,

localized edema, and skin mottling may be found under this classification.

Serious DCS (type II) involves the spinal cord or brain, the systemic circulation.

In its most serious form it causes massive gas embolism to the lungs, and

pulmonary circulatory failure.

All forms of DCS should be treated with pressure, oxygen and fluids. Mild type I

DCS can be treated at 60 fsw (26.7 psig). There are two protocols which have

been proposed by the US Navy, described as table 5 and table 6. These are 60

fsw intermittent 100% oxygen treatment tables. For simple limb bends, table 5

has been recommended, however standard of practice in the US is to use table 6

for type I DCS. Neurologic DCS is treated with table 6. This is a 60 fsw treatment

table which provides longer treatment time at both 60 and 30 fsw.

Treatment provided within a few hours of the onset of DCS is successful in

80-90% of cases. If the subject does not improve or deteriorates while under

treatment at 60 fsw, then treatment at a deeper depth or for a longer time at 60

fsw can be provided. Return to the surface after the deeper excursion can

be accomplished by following USN table 7 which is a prolonged 60 fsw oxygen

table requiring 36 hours to return to the surface. Other tables requiring deeper

depths are also available.

Adjunctive therapy

In cases of severe DCS, there are several acute inflammatory systems activated.

Blood clotting, platelet activation, complement activation, direct tissue injury,

and capillary leakage all result from serious DCS. These effects are amenable to
treatment with medications. Platelet inhibitors, steroids, antihistamines,

crystalloid fluids, and plasma replacements all have a place in the treatment of
serious DCS.

FIG. 98 DCS treatment in Space Station Freedom
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Return to duty after DCS

A.A. Bove

27 September 1991

SITUATION TIME TO ALTITUDE

EXPOSURE

TIME TO DUTY MEDICAL

EVALUATION

Pain only, cleared 24 hours 24 hours none

Pain only, prolonged 24 hours after relief 24 hours

treatment of symptoms

discuss with medical

officer

Neurologic DCS,

rapidly resolved

1 week before

altitude exposure

48 hours? Medical officer exam

before altitude

Neurologic DCS with no further altitude when able Medical officer exam

residual effects exposure to return to dut_¢

Adapted from the workshop on Post Decompression Sickness return to diving,
UHMS, Bethesda, 1980.

These data relate to diving related DCS, and have been extrapolated to the space

station environment. Return to duty is likely to be an easier decision that return

to altitude exposure, since most subjects will be able to perform routine duties

after treatment for DCS. Subjects with residual paralysis, or weakness after

neurologic DCS may require physical rehabilitation before return to full duty.

All cases which are in question should be reviewed by a medical officer.

FIG.99 Returntoduty afterDCS
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BOVE-

(Cont'd)

PILMANIS:

So, we start out talking about pain-only decompression sickness. This is the

common type of decompression sickness you see when you take a person that's

"saturated" and take him to a lower pressure. That's known in diving and it's

also known in altitude - altitude is basically decompression from saturation.

So, here we get pain-only bends; that is, a pain in an elbow, wrist, knee, ankle, or

foot. The situation here would be that you have pain-only bends and you bring

the person back in, bring him to the surface, and it clears. Or you bring him to

the surface and there's a small amount of residual pain that clears very quickly

upon treatment with a hyperbaric exposure. Here, we're talking about 285 kPa

(60 fsw) hyperbaric exposure. One of the things that would be interesting to dis-

cuss would be, "Do you have to go to 285 kPa (60 fsw) for a very simple pain-only

bend?" I.f this pain disappeared at 193 kPa (30 fsw), couid you develop some

193 kPa (30 fsw) table that probably would be effective for that type of treatment?

There is a Table 8. That is a 193 kPa (30 fsw) table.

BOVE: There is a Table 8? I haven't seen it.

But the point is,inthiskind ofenvironment where gas conservation isa major

issue,itnever comes up in running a treatment table.You have plenty ofair and

you usually have enough oxygen. But, fora pain-onlybend that 80 or90% ofthe

time clearsjustbe going tothe surface,forthe small amount ofthose patients left

over that have togo tosome depth,it'snot clearthat you ought to go to285 kPa

(60 fsw) in thisenvironment. We have tothrow thatout at some point.I'm not

ready todo itnow, but you ought tothrow itout atsome point. It'squite revolu-

tionary,and yet thisisthe perfectapplicationforthat kind ofa treatment.
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BOVE:

(Cont'd)

So you have a pain-only bend. Iteither has cleared on the surface or you treatthe

patientwith some kind oftableand itclearsvery quickly. You don'textend the

table.There's no other residual.This person isout ofthe chamber or on the sur-

face.The kind ofapproach that the commercial diving industry and most other

people now would take is,thatindividual can go back todiving in24 hours. I

think,forthe most part,one could say, ifitwas absolutelynecessary, you could

probably allow that individualtoreturn toaltitudeexposure within 24 hours as

well. And clearly,they could return toregular duty - that is,70 kPa (10.2psi)

atmosphere work - within 24 hours and probably lessthan that. So Ithink, the

simplest case issimple todeal with;that is,that individualcould go back todoing

EVAs in24 hours. Schedule-wise, itsounds likethey wouldn't be required todo

that,but for emergency purposes, they probably could. Clearly, that person

ought toget back to his work tasks within the day ofhis diving orofhis EV_

exposure - simple work.

The next issue would be a similarcase where ittook a while to get the treatment;

that is,itdidn'tclearon the surface. You went tochamber depth - let'scallit

285 kPa (60 fsw) atthis point- and itwas a bitofa struggle. For instance,the

pain lasted15 to20 minutes. You went through toTable 6. But, atthe end of

the treatment, the patientcame out with no pain.

HAMILTON: One has tobe carefulabout how rules are worded. Once we set an arbitrary wait-

ing period of24 hours forthe next dive. This sounded reasonable and was printed

inthe rules.But, the effectithad was torequire that the dives startlatereach

successiveday. And, once itwas written intothe ruleswe could not change it.
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BOVE: Bill brings up a very interesting point.

HAMILTON: This is an operational point.

BOVE: In the same 24 hours, somebody is sitting there with a stopwatch waiting for the

second hand to cross the 12. You don't want to imply that, but that's kind of the

way things fall together. When you say "a day," you really mean that you get up

at 8 o'clock in the morning, the day begins; and the next day, somewhere between

6:30 and 9:00, is the beginning of the next day - not necessarily exactly when the

clock crosses zero.

PANZARELLA: I know that, at one point in time, we were looking at evolution of the Station and

talking about possibly having two shifts - like a Blue shift and a Red shift. So a

24-hour period might take you into a shift where you would be able to pick up

duties on that shift instead of waiting an entire two shifts.

HAMILTON: That's what I'm saying. If you make the delay exactly 24 hours, it throws him

out of the next shift, whereas if you make it 1 day, he can go back to work on his

next shift. • -

PANZARELLA: Well, it doesn't have to be like that. If he started on a Blue shift (let's use that

terminology) and 24 hours takes him into the Red shift, he might be able to do

that - go into the Red shift and perform some of the tasks. In other words, he

waits 24 hours and then waits till the next Red shift comes up.

HAMILTON: But to do that, somebody else has to take an extra shift early.
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PANZARELLA: It depends on the workload.

HAMILTON: But we've had thisproblem that,ifyou say "24 hours," people are going to write

itdown and they'regoing towait forthe second hand tocrossthe 12. Whereas, if

you say, "1 day," physiologicallyand medically, it'smore or lessthe same thing.

Especially when it'smore than I day. In 24 hours ifyou've got an 8-hour mission,

that means you'retalking 16 hours. That may not be enough. It'sa question.

BorE: We could almost make the recommendation in terms ofshi.ftduties,or something

likethat,rather than indays of24 hours.

HAMILTON:

BOVE:

In other words, the question is:Do you go towork the next day that you're up, or

do you skip a day? That's reallythe question. We could perhaps refinethis.

Yes, that'sbasicallyright.I'm sure they'reusing what's been established;and,

depending on how the work cyclesare designed inthe Space Station,you could

design your entirerecommendation based on the shifts,which might be a better

way.

HAMILTON: Infact,we were toldyesterday that they would not be scheduled the next day for

an EVA, but itmight happen. And so,we would want tomake our rule as little

restrictiveas we can, knowing that normally itwillbe a 2-day break.

BOVE: The one comment rllmake about thisisthat,there are an awful lotofdata that

are being presented among the diving meetings now indicatingthat people that

get thisproblem actually have anatomic injurythat'spermanent in the spinal
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BOVE:

(Cont'd)

BUCK:

cord. It's apparently small enough and not focal or localized enough, but diffuse,

so that the injury doesn't show up clinically. But in postmortem examinations, at

least in the small numbers of people that have been examined when the oppor-

tunities arise, clearly these kind of people have permanent anatomic damage to

the spinal cord that's not evident clinically. So, I think that's sort of part of the

driving force about treating these people different from others. If you have an

anatomic permanent injury to a ligament, it's not going to bother you the way

you do arithmetic. But here, if you have a permanent injury in an area of the

spinal cord that's not detected, I think there's a little more conservatism injected

into the recommendation. Part of it's now being based on this fact. We get strong

evidence that, even when these are fully treated, that's not getting us all the way

back to to'tally normal at the anatomic level. That's relatively new in the last few

years, but it's raising a lot of important issues.

Are those people that are prone to another neurologic hit? More so than others?

BOVE: It's not clear. The way I would say it is, as we discussed yesterday, there are some

people that, if you look at them wrong, they get bent. That's one group ofpeople.

It's not clear that somebody that's had a spinal cord decompression accident who

is fully recovered is more prone to get another spinal cord decompression accident.

The thing that they may be prone to, though, is if they get another accident, this

little bit of residual permanent damage added to the next set of permanent dam-

age makes the clinical result much more severe. In other words, the spinal cord

is capable of hiding small amounts of injury; it has what's called "plasticity";

it rebuilds the circuitry around the damage. But, if you keep damaging it, it's

harder and harder to rebuild the circuitry. So these people may not necessarily
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(Cont'd)

beprone toanotherdecompressionaccident,but iftheygetanotherdecompres-

sionaccident,theymay be more prone tosevereinjuryfrom acase.So,it'salittle

differentissue,but thatagainbuildsinmore conservativethinkinghere than if

therewas no permanent damage.

Now theotherendpointwould be neurologicdecompressionsicknessthathasbeen

treatedand theindividualcomes outofthetreatmentwithpermanent residua.

Thiscouldbe afterone treatment,two treatments,whatever itisyou do;but,at

theend ofitall,thereisweakness ofa leg,therearepinsand needlesinthe foot,

thereare problemswith urination,there'ssome permanent residualeffect.These

people,inthedivingbusiness,are takenoutofdiving;commercially,they can't

diveunlesstheyburn theirrecordsand lieaboutit.They'rebasicallyrecommend-

ed not todiveanymore. Ithinkthereasoningisnotnecessarilythatthey'reprone

tomore decompressionsickness,but iftheygetit,they'regoingtohave massive

defectsofthecordiftheygetmore corddamage, becausethiswould imply much

more anatomic danger tothem. These peoplemay need rehabilitation.They

don'tnecessarilyhave tobe senthome; alotoftheseare minimal defects,and

theycouldstayon board and do theirnormal tasks.They might end up having

togetrehab'ediftheyhave aweak legorsomething likethat;but Idon'tthink

theywould requirean emergency evacuationbecausethey'rehemodynamically

stable.Overall,theirgeneralphysiologyisquitestable.And, there'snotmuch

elsethatyou can do forthem atthatpointotherthan rehab;and presumably,

you'llhave some sortofexercisecapacitythatcan actuallyrehabthesepeopleon

the Space Stationand putthem back towork.
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(Cont'd)

Then again, that would be a very complex discussion amongst a lot of people on

the ground and with the representative Medical Officer on the Space Station on

exactly when to return this person to duty and how to manage that person on

Space Station. Clearly, they would not go back to EVA, so you lose a crew mem-

ber for outside work. But return them to duty when they're able, and again this

might require rehabilitation. I would think that these people would have to wait

at least 2 or 3 days after all this before they went back to any kind of duty.

So this is a guideline; this is based on what we've seen as a relatively carefully

discussed consensus from a group of men in 1980. Again, I think we have to break

down the relationship, if you just go on back to the regular task of Space Station

and any part of EVA to a reexposure to attitude. These I think are only recom-

mended guidelines and need some further discussion. But, I would make the point

that individual cases are going to have to be decided upon by the Medical Officer

in conjunction with whatever consultation is available, and it's not reasonable to

try to make a case to cover every possible contingency.

BUCK: Just a question on the lastcase then. You say "no furtheraltitudeexposure."

What if,hypothetically,you've lostthiscrew member as a potentialEVA person.

So, say,the next crew goes out EVA and you get someone bent and you have to

bring them in. Could this guy go inthe chamber as an attendant?

BOW: Well, I guess I have to live with the rules the way we've lived with the Navy. The

commanding officer decides what has to happen as the bottom line. If there's an

emergency, and this is the only person left, then the commanding officer assigns

duties to save the Space Station and doesn't worry about the individual. So, yes, I
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(Cont'd)

think thatguy couldgoback and do anythinghe has todo,evenan EVA ifneces-

sary,foremergency purposes.

BUCK: But isthatdef'med?Ifhe were togointoa chamber fora treatmentoras an

attendantofanotherpatient,isthatdefinedasaltitudeexposure?

Bovz: Well,itwould be thesame problem. You'regivinghim a gas loadand tryingto

decompress him from it,sohe basicallyhasthesame problem. Again,ifevery-

thingwas f'me,you'drecommend, "No,hedoesn'tgetexposure."

HAMILTON: You mean, no furtheraltitudeorpressureexposure.

Bovz: But,Ithinkthe bottom-lineruleforany operationlikethisis,thecommanding

officeroftheSpace Station,whose interestissurvivalofthe SpaceStation,can

make anybody do anythingifnecessarytosavethe station.So,thispersoncould

go back toanythinghe has todo ifitwas ordered.

PILMANIS: I'dliketoaddressanotheremergency situation.We allfeelthatthere'sa very

low possibilityofseriousDCS. Ifyou goback totheoriginalpre-breathework

back inWorld War IIorpost-WorldWar II,theyfound thatwhat pre-breathing

reallydidinthosestudieswas toreduceoreliminatethe veryserioussymptoma-

tology.Itdidn'tdomuch forthepain-onlytype.Ifyou increasethepre-breathing,

itprobablydoessomethingforthepain,too,butthe primary interestwas the

neurologicalor circulatorytypeofserioussymptomatology. I'dliketoask the

question,isthereascenarioinwhich pre-breathingwould be skippedforEVA?
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(Cont'd)

In thiscase,the possibilityofa neurologicalhit climbs rather dramatically. Is

that something that has been discussed,or isiteven a possibility?

WALIGORA: There's a mission rule that says that,ina contingency situation,we should have

a minimum of2½ hours pre-breathe. That means that,ifyou have the need, you

have toevaluate why you want tobreak that mission rule. You may need to,in

which case you make that decision.But at leastyou have that mission rule,and

that'sstilla substantialmonster.

PILMANIS: That's stilla lotofpre-breathing.

BARRATT:

PILMANIS:

So you're asking about a possible scenario where something requires immediate

decompression?

Such as, 1 ATA to 29.6 kPa (4.3 psi) with no pre-breathe.

STOLLE: What about your 70 kPa (10.2 psi) to 29.6 kPa (4.3 psi)? That's better from a

pressure excursion standpoint.

PILMANIS: Iwould say it'sdramatically better.

BOVE: Yes, I think the point to be made is that the risk of no pre-breathing is more

neurologic decompression sickness, where you can run the risk of very long-term

disabilities. That is, you could put everybody out of business up there. Then

everybody needs to know that pre-breathing is not only expedient from the
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standpoint ofgeneral health,but it'sexpedient forpreserving the operations

ofthe Space Station.

PILMANIS: Because you raise your risk ofserious symptomatology dramatically.

BOVE: That's right.

PILMANIS: Pain, you can tolerateinemergency situations.

BOVE: Well, I'm sure there willbe a lotofbottles ofaspirinup there. That willtake care

ofit.But, itwon't take care ofneurologic deficits.So, that'sthe problem. Iagree

with that. Ithink, somehow, the concept ought tobe fostered that pre-breathing

isan essentialcomponent forlong-term functionofeverybody and the whole unit.

Itought tobe done unless there'sabsolutely a dire emergency where things have

tobe done quickly.

PILMANIS: Survival isbasicallythe main priority.

BOVE: Well, yes. You get towhere, ifyou have a bunch ofdisabled or partiallydisabled

people atthe end ofit,you're betteroffsurviving with partialdisabilities.But, I

think on average ifwe have totreatanything, we certainly would liketobe deal-

ing with Type !patientsforthe most part,not any kind ofmajor neurologicalevent.

WALIGORA: When we looked atemergencies in Shuttle,at least- and I'm speaking forother

areas - it'sbeen hard toidentifya scenario where you have toget out with zero

breathing.
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TRAUSCH: That was one of the baselines for the 57 kPa (8 psi) suit.

PILMANIS: Yes, but was that for emergency reasons or for practical reasons?

TRAUSCH: That was for practical reasons, because we didn't have any emergency scenarios.

WALIGORA: Most of the emergency scenarios really give you a certain amount of time to

decide how you want to deal with them. In most cases, you want to take some

time to prepare.

BorE: Let me go on now. The other thing I was supposed to talk about is treatment of

decompression sickness. As I mentioned at the beginning, there is an awful lot of

discussion in the diving area to get rid of the Type IJType II classification. There

are a lot of in-between cases that don't quite fit, and there are a lot of things that

people would like to have that area little more detailed. In fact, there are some

efforts going on right now at developing a new classification scheme that is much

more complex; it's almost like hospital codes for diagnoses. It's a very long, com-

plex list for diagnoses, but one that is more accurate for the diving medical or

other medical officer in terms of the way he deals with the patients. But, I think

we're still in the era where we look at minor and major, or Type I and Type II, or

limb and neurological, or whatever you want to call it. There are still two kinds

of classifications that we deal with; and, no matter what I do or what anybody

else does, this thinking still evolves into everybody's approaches to things. So, I

made this long excuse up here, but the fact is that I still have to talk about Type I

and Type II decompression sickness because I think it still helps us to understand

where we go with it.
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Remember, what we normallydefineasType Iisconsideredtobe nonsystemic

decompressionsickness.It'susuallyconsideredtobeinvolvementofa component

ofan extremity,and I'mnotsureyetwe know where itis,but atleastprobably

involvingajointintheareaofthetendonsorligamentsthatproducespainand

occasionallya littleswellingorsome swellingofthejoint.The pain can oftenat

timeslimitmotionofthejoint,butit'slocal.Itdoesnotgetintoa major systemic

involvement.Now, ifyou goback withDopplerand lookatpeoplewithType I

decompressionsickness,you usuallyhear precordialbubbleson your Doppler;

butthey'renotofsignificantmagnitude todemonstrateany major systemicreac-

tion.And theconceptthereisthatthebody can handleacertainamount ofair,

orgas,beforeitstartstodemonstratea systemicreaction.There'sa reserve

processintherethatallowsittohandlethat.What you usuallycallType Iis

painofa bone orajoint- usuallyajoint- and it'softeninthejointthat'sbeing

useda lotduringtheexposure,which isinteresting;and it'susually,infact,I

thinkby definition,notassociatedwithany evidenceofsystemicinvolvement.

There issometimes itching,and thereaxe sometimes caseswhere skinmottling

may befound.The skinmottlingisan interestingissuebecause some peoplefeel

thatskinmottlinggoesbeyondType Iand startstobringusintoType IIdecom-

pressionsickness,sothere'ssome controversyaboutthissortofbluish,patchy

mottlingoftheskin.Ithinkmost peoplewould considerthatmore thanjust

plainoldType I.

Seriousdecompressionsicknessisanythingelse.It'scommonly manifestedby

injurytothespinalcordin,let'ssay,the air-divingcommunity, which mostof

usseebecauseit'sthelargestamount ofdiving.!thinkpeopleare beginningto
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characterize spinal cord decompression sickness as the short bounce-dive type de-

compression sickness, whereas limb bends is the long, shallow exposure, almost

saturation-type of decompression sickness. When it gets very severe, there's a

whole progression that appears to be related to the amount of gas that's released.

This goes from a small focal injury to the spinal cord to enough gas in the system-

ic circulation to start showing abnormalities of lung function, which has classic-

ally been called "the chokes." Here, there's gas embolization to the lung that is

obstructing pulmonary vascular flow. The patient begins to get short of breath

and cough and has some other things that show evidence of the lungs being

embolized.

Total circulatory failure can occur as massive amounts of gas get into the circu-

lation. We're beginning to understand now that, whenever we see this spinal

cord syndrome, we'd better look hard for brain abnormalities. There's more and

more evidence coming that there are several brain abnormalities that aren't

often seen clinically. The reason we don't see them clinically is most of us aren't

clinical psychologists; we're used to doing things like rapping on knees with rub-

ber hammers and testing for sensory abnormalities. And to find brain injury in

its subtle forms, you often have to do complicated behavioral testing. Many

places now in fact are doing behavioral testing as part of the routine analysis

because it's showing up that there is more brain injury than we used to think.

This is another conflict that's more or less evolved over the past probably 3 or

4 years in diving.

Now in altitude, there has been this sudden unconsciousness syndrome that's

been considered decompression sickness for many years that I think is probably
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braininvolvement.I'mnotsureIunderstandit,but there'sbeen more ofa

propensityforthebraintobe involvedindecompressionsicknessfromaltitude

exposure.The pointisthat,Type IIisneurologicorsystemicinjury,including

devastatingshock-likesyndromes and,attheotherextreme,pinsand needles

inone toe.So,there'squitea spectrum ofType II.But,it'sclearlybeyond what

would be called"somethingjustinthejoint."

Now, theclassificationofthesetwo goesbeyondclinicalidentity,becausethe

treatmentofthem has been,tosome extent,dividedup basedon theclassifica-

tion.In theenvironmentofSpace Station,Ithinkwe'regoingtoend up recom-

mending prettymuch thesame treatmentforallofthese;that'sthe285 kPa

(60fsw)air-oxygentreatmenttable.But,Iwould stillthrow outatleastthepos-

sibilitythat,forpain-only,one might considera radicalchange intheapproach

totreatment;thatis,usingsomething lessthan285 kPa (60fsw),evena 193 kPa

(30fsw)tablethatobviouslywould have tobe developed.Ican tellyou thatthe

radicalismisnotunwarranted,becausewe'redoingthatinairembolism indiving

rightnow. The oldTable6A, a 165 fsw table,isslowlybeingchallengedwith

285 kPa (60fsw)treatmentsforairembolism,and thatappearstobe working.

So,Ithinkit'sreasonabletochallenge285 kPa (60fsw)foran uncomplicated

limbbend.

NORFLEET: Justone pointinterjected:SincethisisaltitudeDCS, would you liketofit

oxygen breathingatcabinpressureintoyourcomments aswell? Isthereany

roleforthatintreatment?
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BOVE: You mean, as far as treatment of pain-only that resolves with just return to cabin

pressure? Yes; but again, I'm not ready to make a rule about that. But, Andy

and the Air Force group are saying that, it's common to do post-breathing even

though the symptoms have gone away. And in the diving industry, we commonly

would treat a limb bend that has no symptoms if it was documented. A lot of times

somebody may get a limb bend, and by the time you get to the chamber the pain

is gone, but we still treat them. Now we don't treat them with oxygen, because the

diving business is a chamber: you put them in and squeeze them. That's one of

the times somebody might use Table 5 in particular with no symptoms. So, some

sort of active treatment on return to cabin pressure without symptoms is warrant-

ed. The question is, what is it? I'm not ready to say what it is. But, obviously it

would be oxygen-breathing for some period of time.

HAMILTON: How do you guys feel about that?

WORKMAN: The procedure that we use in the Air Force, especially i.fwe do not have a cham-

ber on site and we've got simple pain-only bends, is to administer 100% oxygen

at ground level for 2 hours. I don't know the percent resolution on it now, but it's

been very successful. We still go ahead and make arrangements for transporta-

tion; ifthe pain isresolved within that 2 hours, the transportation iscanceled. If

he'sstillsymptomatic atthe end ofthe 2 hours, we go ahead and transport and

treat.We do have some experience in using a 193 kPa (30 fsw)treatment depth

forsimple pain-only bends,that isreported within a 2-hour period.Idon'tremem-

ber the N ofit,but itwas 100% resolution.
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PR, MANIS: Eight or nine cases.

WORKMAN: Yes, it'snot a huge number; but,again, itwas used very successfully.

BOVE: Iwould at leastthrow out fordiscussion the idea that an entirely new approach

tosimple altitudelimb bends be considered. Particularlyin the environment

where your gas supply islimitedand the operational aspects ofrunning the

chamber at 285 kPa (60 fsw)are more complicated,you could propose that a

depth-of-relieftable or a 193 kPa (30 fsw) tablewould be quite reasonable foran

uncomplicated altitude likelimb bend where you had togo beyond just breathing

atcabin pressure. Idon'tknow where you'd go todo that. Ithink probably the

most likelyplace todo a clinicaltrialwould be inthe Air Force where you've got

a lotofaltitudebends. Ithink itwould be quitejustifiedtodevelop a protocolfor

randomizing a group ofpeopletotreatments and looking at the results.Idon't

think NASA could do itatthispoint,because there are not enough cases,but I

think you guys could do it.

PU..M_t.NIS: Well, as Ithink I mentioned yesterday,we do have a chamber immediately next

door. These are research subjects,not operational situations;but lastyear, we

studied77 DCS cases. Six were treated with hyperbaric treatment; 71 were

treatedwith 2 hours ofpest-breathing;none ofthem had any problems. Not all

ofthose 71 cases had resolutionofsymptoms atground level.Now the rule is,ff

they don'thave resolution,they should be treatedwith hyperbarics, but that

didn'thappen in allcases.Idon'tknow what your numbers here are on post-

breathing, how many times you treat with hyperbarics and how many times

you post-breathe.
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WA.LIGORA: We haven't had very many folks with pain that's been extended past sea level,

and I think we've treated them unless it was only a minute or two.

PILMANIS: You treated them all with hyperbarics?

WALIGORA: In fact, that was a small number.

WORKMAN: As Andy said, in the majority of the cases where there is chamber on site, we'll go

ahead and treat them.

WALIGORA: You see, we've only treated about eight people, and about four of them were for

simple limb bends and four for presumed Type II.

PILMANIS: It is not clear whether the 2-hour post-breathing is technically called a treatment

or not. Obviously, it is a treatment; but procedurally, some people view it as a

medical treatment, some people do not.

WORKMAN: In our interest, to capture those data in our reworking of some policies, we are

going to be classifying that as a medical treatment.

BOVE: Yes, I think you should.

PILMANIS: It has not been classified?

BORE: No.
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HAMILTON: Can thisbe done inthe Station without dumping the oxygen overboard?

NORFLEET: You can do itin the suit.

V

HAMILTON: Do you have todo itin the suit? Can't you just unplug the thing and expire into

the Station? Because that much oxygen inthe whole Station,ifyou had a way of

keeping itmoving soitdoesn'tpocket,would not be a problem and you'llbreathe

itdown in2 hours.

NORFLEET: In reality,when you do the calculationsand assume uniform mixing and the like,

that istrue. It'snot a problem. However, procedurally itwould probably cause

an institutionalfirestorm.

HAMILTON: Ifyou have to throw that oxygen away, you might as well go ahead and give them

a definitivetreatment with pressure.

BOVE:

HAMILTON:

Ifyou can sitinside the chamber and put them on the BIBS atcabin pressure, it

seems tome that'sa heck ofa loteasierthan running a treatment dive.

.- .

Itisn'tgoing tobe needed very much. Maybe we're not talking about a big lossof

storage.

BOVE: The idealthing would be tohave a BIBS setup so we can run atcabin pressure

with an overboard dump and have the abilitytotreatfrom cabin pressure up to

285 kPa (60 fsw) above cabin pressure.
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STOLLE: That exists right now. And also, the pre-breathe masks and the emergency-

breathing masks are all dumped to cabin.

BOYE: They all dump to cabin? The pre-breathing masks dump to cabin, is that right?

STOLL_: Yes.

BOVE: Well, that's the way you should do it. It seems to me that you're just using proce-

dures that are already built into the system as part of the spec now, which I think

is really the best way to do it. I'd still at least raise the issue of doing a shallower

table or even a depth-of-relief table for limb bends that would be sort of an inte-

resting thing to do for the diving industry as well. Let me go on so we can get

done quickly.

The statement here is: "All forms of decompression sickness will be treated with

pressure, oxygen, and fluids." And, I think that, as a good general statement,

return to whatever pressure gets rid of the pain is probably useful. A return to

cabin pressure may be all you need. Oxygen should always be injected into the

treatment as well as fluids. Now again, there's no need to start an IV in some-

body that's got no pain and you're going to put him on an oxygen post-breathe

for 2 hours. But, you certainly should give him a jug of something and say,

"Drink this liter of water between now and the end of the treatment," because

dehydration is one of the things that sort of augments the problem of decom-

pression sickness. This is the simplest triad of treatments that one can go

through. There are many cases of ground transportation where oxygen and

fluids were applied and the individual became asymptomatic during that time.
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So, I think the bottom line always should be pressure, oxygen, and fluids. Those

are the three things. Where you go with pressure really depends on the individ-

ual. Again, pressure in this case could be just return to cabin pressure.

Type I, at present, is usually treated at 60 fsw, or 285 kPa (41.4 psi). I still chal-

lenge this approach in this environment. I think you could probably get by with

some new ideas on this, but right now that's the standard treatment. We've al-

ready discussed the idea ofthis Navy Table 5 and Table 6. Table 6 is becoming

standard treatment, as I think yesterday it was mentioned, and we probably

ought to do that if we make the decision to treat because of the possibility of occult

neurologic problems that we at least make an effort at treating during this time.

For an_g beyond simple limb bends, neurologic decompression sickness is

still treated with the same table; that is, the 285 kPa (60 fsw) air-oxygen table

with the possibility of extensions. The outline of the table was drawn in the first

handout we got from yesterday morning. This is again at 60 fsw or 285 kPa

(41.4 psi) above cabin pressure. It's got the ability to prolong the table because

of respense to treatment or prolonged symptoms, and it has a break breathe from

the 193 kPa (30 fsw) and can be extended out. Bill was talking about the prob-

lems with the tenders in particular; the subject being treated doesn't have a

problem because, by the time this is done, I don't think he has any free molecules

of nitrogen left in the body, but the tenders obviously have the problem with pro-

longed exposures to 285 and 193 kPa (60 and 30 fsw), as Bill has been working

on.

Ithink we can stillsay that,ifyou can get tothe person within a couple ofhours,

you can get 80 to90% recoveriesin the treatment ofdecompression sickness. In
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thiscase,it's goingtobemuch sooner than that because you've really got a very

nicely captivated audience here, so it's likely that you're going to be treating

these individuals within 25 to 30 minutes ofthe accident unless there's a delayed

onset; that is, the person comes back and starts to show symptoms 10 to 12 hours

later. But from the onset of decompression sickness, if you have short periods of

time before treatment begins, the recovery rates here are very, very good; they

should be above 90%.

If the person deteriorates under treatment, this would be a fairly serious case

most of the time. The strategies for the most part are to go deeper or stay longer

at 285 kPa (60 fsw). Going back to the surface on these deeper excursions, etc., is

complicated and there are some protocols to do that. But, in the environment in

Space Station it's not going to be easy. You'll probably go to 70 fsw; I think the

chamber specs will allow you to go deeper.

HAMILTON: We can go to 345 kPa (80 fsw), actually.

BorE: Eighty feet? Okay, 345 kPa (80 fsw).

HAMILTON: Not that it's going to do any good.

BUCK: At 80 fsw, which is equivalent to 345 kPa (50 psi), your relief valve is fully open.

So it cracks at something actually less than that.

H&MILTON: So, you won't even be able to getto345 kPa (80 fsw).
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BOVE: What I'm saying isthat the common strategyofthe diving medical officerfollows

this:Somebody eitherisnot gettingbetterordeterioratesunder treatment. The

common strategiesare to go deeper and stay longer. That isnot tobring the pa-

tientout ofthe chamber, but togo deeper and stay longer and trytocontrol the

symptoms.

HAMILTON: The situationwe could fred,especiallywith a horrendous embolism situation is,

we reallycan'tleave 285 kPa (60 fsw). There'snot going tobe a lottobe gained

by that littleadditionalpressure.

PILMANIS: No, you need the oxygen, 100% oxygen.

HAMILTON: Well, you could stillbreathe 100% oxygen. You'd have to use something like

15-minute cyclestoreduce toxicity,and you wouldn't know where you are be-

cause we don'thave any experience ofthat sort.

Bovz: No. rmjust statingthat that'sthe common strategy,togo deeper and stay

longer.

HAMILTON: But we do need tohave in our protocol an abilitytostay,because we may get

somebody there we just can'tget out.

BOVE: Twenty-four hours tostay?

HAMILTON: Or maybe longer,at285 kPa (60 fsw). It'snot likelyto be beneficialto stay much

longer than that. But then you've got a tenderproblem, too.
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BOVE: I'm bringing up the issue because that's the common way we would treat some-

body that's either getting worse under treatment or not getting better. Now, this

raises some interesting issues. The environment here is not the same as on the

ground with the hyperbaric chamber. The environment is much different; and

the question is, what is the diving officer's decision? Now again, there is going to

be a lot ofconferencing before any decisions are made about somebody who%

already been in the chamber for 4 hours and is not getting better or is deteriorat-

ing. There's going to be an awful lot of talk about what to do about it. But, the

standard strategy is to stay there. In any treatment where you're trying to con-

trol bubble growth or get rid of bubbles, one of the things not to do is to come to-

ward the surface, because that wilt clearly make the person deteriorate.

Many times, if you really can't get a diver to come to surface, you could basically

write that diver off because, if he's already getting into trouble at 285 kPa

(60 fsw), he's going to get into bad trouble coming to the surface. So somehow

that discussion needs to be thrown in the soup. What do you do if you have a bad

case of something where you get the person to 285 kPa (60 fsw), get a little bit of

control, but not as much as you want, and you're waiting things out at 285 kPa

(60 fsw)? You're kind of soaking at 285 kPa (60 fsw) in a sense, and you don't

have control of that person at the end of all the prescribed cycles. Where do you

go from here? You've come to 193 kPa (30 fsw), and the guy deteriorates clearly.

I think it's been tried many, many times.

There are protocols. The Navy has a Table 7 that gives you a way to come out of

the chamber after you've been there for 8 or 12 hours at 285 kPa (60 fsw). The

key is: It's easy to sit at a given depth for as long as you want. The trick is: How
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do you get out ofit? That'sthe real trick,toget out ofthere safelywith an injured

person and get your tenders out. There are protocolsforcoming back out oflong

exposures. Maybe Table 7 isone.

HAMILTON: But we also have the possibilityofbeing able todial up the particular situation

on electronicformat and deal with that. And that'sreallywhat we should go for.

BORE: Idon't know what the answer tothisis. Ifyou have somebody that was inbig

trouble and you got some stabilityat 285 kPa (60 fsw) and ran out ofallyour

extensions, the question is:What do you do? Ifyou startup toward 193 kPa

(30 fsw) and the person gets worse; and, as soon as you go back to285 kPa

(60 fsw),you'rebetter again,you're sort ofstuck there. And, the standard

strategy isto stay forwhat we calla "long" soak or a "saturation" and then try

tocome back out.

HAMILTON: What you do isyou stay atthat pressure. You're not breathing oxygen now for

a period oftime, because you've used up that individual'slungs. So you need a

12-hour break, and then you go on oxygen. It'ssomewhat as itisinhere foryour

maximum worst-case situation,except that you don'thave the reduction ofpres-

sure and then go back; you stay there. You wait 12 hours, then you breathe

another regime of6 cyclesofoxygen.

PILMANIS: There is the other option; you can extend at 285 kPa (60 fsw) out to eight

20-minute oxygen periods and out to 18 20-minute oxygen periods at 193 k_Pa

(30 fsw). We've done that for 12 years very successfully. It is not a standard Air

Force-, Navy type of procedure, but it's clone in a lot of civilian chambers very
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successfully. We chose that over any kind of saturation or any kind of increased

depth because we didn't feel that increasing depth was going to do anything

except bend the tenders ultimately. And, we did not want to leave the 100%

oxygen. You can continue 20-minute oxygen periods and 5-minute air breaks

for a total ofl2 hours.

HAMILTON: And, then you need a break offofoxygen.

PILMANIS: We used a 12- to 24-hour break and then went to Table 5's.

BOVE: In fact, the Navy has a formula for running a 36-hour Table 6 in a sense and on

how to come out from that. It's Table 7.

BUCK: When you're talking about a long exposure like you were just speaking of, is your

treatment completed after that long exposure? Or do you follow it up with further

treatment?

BORE: The answer to your question is that, in this kind of situation, if you get the diver

to the surface, by the time you finish this long treatment, you've got him stable

on the surface. You may have residual, and that's what you would treat. But,

basically, hemodynamically, he's not in shock anymore; he doesn't need a venti-

lator; and you've got him to the surface talking and breathing on his own so that

you don't have to keep him at pressure. The decisions of going back to re-treat, to

try and improve the residual deficits, are different issues.

PILMANIS: And, that's where your oxygen toxicity enters.
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BOVE: Yes, that'sright.

PILMANIS: We had about 10_ pulmonary oxygen toxicityon those patients. Ten percent

isn'tbad, and you can deal with it.

BUCK:

BOVE:

The reason Iasked isbecause, we'llhave a certainamount ofconsumable and how

we budget that may be flexible.We could potentiallygo fora long exposure; the

only thing Ican think ofisproblems with that the HECA and the molecular sieve

bed can'thandle. They buildup residual CO 2and humidity that they can'tget rid

of.That's why these restperiodsthat are rightnow inour worst-case scenario

are needed. We need thoserestperiods to get ridofresiduals inthe molesieve

bed, etc.;sothere are some reasons, aside from justconsumables, that a long

exposure likethat might be problematic.

Well, Idon'tthink there'sany way to plan fora long exposure. The likelihoodof

that isvery,very low. Itseems to me that,ifa person required that,there would

have tobe a lotofdiscussionamongst the engineering people on the Stationand

the ground on how to accommodate allofthe factors,because obviously,air-rest

periods can be builtinhere. You actually do have the abilitytolock back and

forth,although that consumes airwhenever you do that,tomove people back and

forth. But, ifthe chamber were held at pressure with the initialgas compression,

itseems tome that your major consumable would be the oxygen that'sbeing

breathed. Ifyour HECA system isworking well,basicallythese folkscould stay

on at that pressure forquitea long time.

STOLLE: There isno man lock.
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BUCK: Only medical equipment, through that small pass-through lock.

HAMILTON: That's why we're developing excursion exercises.

NORFLEET: You've got a crew offour,limitedconsumables, and the option,at some point,of

transporting toget help on the ground. The lineforplanning purposes interms

ofconsumables needs tobe drawn somewhere. We drew the line philosophically

thisside ofsaturation therapy.

BOVE: The consumables here would be mainly the HECA and the oxygen. But, somebody

would be making a very tough decision ifevery time you came from 60 to50 fsw,

the victim went intoshock and stopped breathing. The question is,who's going

tomake that decisionifyou'regoing tokillthe person when you starttocome to

the surface?

Nitrogen Elimination At Altitude

BARRATr: I'd like to move on to Dr. Pilmanis, who will present some of his work in nitrogen

elimination at altitude.

PILMAIVIS: Iwas asked toaddress the issueofnitrogen elimination atpressures lower than

sea-levelambient. First,inresponse tothe question ofreducing the pressure on

station.Resetting the thermostat to70 kPa (10.2psi)gives me a warm feelingas

far as DCS hazards forEVA, because it'sgoing toreduce the risk. The work was

done here atJSC to verifythis,both experimentally and mathematically, and I
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thinkJim Waligora coveredthissomewhat yesterday.Imight add acouple

ofthingson the firstpartoftheprocedure;i.e.,goingdirectlyfrom sea levelto

70 kPa (10.2psi)and theproductionofmicrobubblesorany bubbles.Using

echoimages,we'verecentlydonethison 100% oxygen. No DCS was seeninany

ofthis.The exposureswere 4570 m (15,000ft)to6100 m (20,000it)for6hours.

FiguresA and B show a nicecurveforVGE limits.At 70 kPa (10.2psi),it'sun-

likelythatyou'regoingtogetany circulatingdetectablebubble. FigureC shows

thecomparison withbreathingon a 50% oxygen/50% nitrogenmixture.

Another questionthatcouldcome up iswhether denitrogenationatahigher

altitudeora lowerpressureisaseffectiveordifferentsomehow thanatground

level.Almost alldatabasesthatwe referencethisinformationtoareatsea level;

e.g.,saturationatsealevel.We have very littleinformationon resettingthe

thermostattoa higheraltitude,asfaras thebasicprocessesare concerned.We

recentlycompletedanotherstudythatverifiedwhat a lotofpeoplethoughtwas

probablytrue;denitrogenationataltitudeisas effectiveas atground level.The

endpointswere VGE withechoimaging and clinicalDCS. We used Ihour ofpre-

breathingand 2 hoursofpre-breathing.As you can seeinFIG.D, theincidence

ofvenousgas emboliisaround 80% forI hour pre-breathesand 53% at2 hours

ofpre-breathing.The pre-breathingwas done at2440 m (8,000it),3660 m

(12,000it),and 4880 m (16,000ft).Itappearsthatwe actuallyhad a decreasein

DCS withthe 1-hourpre-breathingat4880 m (16,000ft)versusground level.It

was notstatisticallysignificant.There'sno changeat2 hoursand Iwouldn'tex-

pectany change withthe4-hourorthe longerpre-breathe.Ithinkthebottomline

hereisthatpre-breathingataltitudeisprobablyjustaseffectiveasatground

level,up to4880 m (16,000it)That principlecan be usedatthispoint.
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BARRATT" Is it any more effective at 4880 m (16,000 ft)? You said that you had some de-

creases. Is this representative of the data that you have thus far?

PILMANIS: Again, it appears to be, but it was not significant. In FIG. E, we can look at it in

another way. This is from what Eckenhoff defined; this is onset of time symptoms

or latency. That was statistically significant between ground level and 4880 m

(16,000 ft); that is, at 4880 m (16,000 ft), you pushed back the onset of symptoms

significantly. We are reactivating the study. It's important enough to try and

find out if, indeed, you get a better picture by pre-breathing at altitude. At this

point, I wouldn't want to state that; but, if that's true, that could be very useful,

at least for the Air Force.

HAMILTON:

PILMANIS:

Are you going to go a little higher with this pre-breathing?

Yes, we're doing 5490 m (18,000 ft). Preliminary data show a large increase in

DCS and VGE incidence; 4880 m (16,000 ft) may be optimal.

HAMILTON: Because I remember some earlier work that MacGiver or at SAM did, particu-

larly pre-breathing at 6100 m (20,000 ft}.

PILMANIS: That was Marbarger. He used 6100 m (20,000 ft), 6700 m (22,000 ft), and 7620 m

(25,000 it), I believe; but he didn't use very many subjects. However, the trend

was there. Actually, you can go back to World War II and find some very good

data to verify this concept. The trend was there, but obviously they didn't have

echo imaging. This isvery usefulfor certainairoperations. Itallows an airplane

togetoffthe ground without sittingon the ground pre-breathing.
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BARRATT: Okay, thanks very much.

It seems safe to conclude then that pre-breathe is as effective at our ambient

Station pressure as at sea level.

Hyperbaric Treatment Mask Issues

WORKMAN: This is really going to be more ofa a show-and-tell for the first part, and then

we'll open it up for general discussions. Was anybody able to bring some of the

examples of masks that are currently used or planned?

BARRATT:

WORKMAN:

I could not get hold of the person who's holding the Magic mask.

Okay. What I'm going tothrow out here quickly are justsome representative

examples ofsome mask types that we use in our program. Some ofyou may be

familiarwith some ofthese;perhaps some ofyou are not. I'm not necessarily

going totalk about the relativemerits ofthese mask types,because we allhave

our favorites.But, Idid want at leasttogive you an opportunity to see some that,

perhaps, you might not have seen in the past. Scottoverboard dump: There are

two types,but thisisprettymuch standard. You can see that itisan overboard

dump mask. Quite a heavy assembly; and, my personal opinion is,it'snot very

user-friendly,even though Isaid Iwasn't going tocomment on the pros and cons.
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HAMILTON: It will takealotofbeating.Thosethingsaremadeoutof stainlesssteelbeercans

andyoucan'tdamagethem.

WORKMAN: At shallower depths,you have tohave vacuum assiston these,however. Itworks

strictlyoffthe delta-P;and, ifyou get tothe shallower depths and do not have a

vacuum assist,then your overboard dump isgoing tobe a tremendous amount of

work.

HAMILTON: Those are demand valves just likea scuba valve, with one of them turned around

backwards.

WORKMAN: Yes. This is an old Air Force MBU-SP face shield, doubie-sealed oral-nasal mask

used in the aviation community for many, many years. We took it; and we adapt-

ed it for hyperbaric use by adding an oxygen overboard dump assembly and head

strap assembly. Again, it's worked well. It's got its limitations as well.

HAMILTON: What's the black?

WORKMAN: That's your collectionbag foryour venturi foroverboard dump. Your exhalations

go firstintothe bag.

HAMILTON: So, itcan go out slowly? You don'thave tohave a big hose and high pressure?

WORKMAN: Yes.
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REIMERS: With respect to that mask that's going around: Several years ago in our shop,

when they were still dealing with the single hole in the front, we found it possible

to take those two regulators and combine them into one, make the whole thing

out of plastic, and have it work just as well and weigh almost nothing. I have a

working model of that, that we use for a paperweight. You can take a lot of the

weight out of that thing if you have a mind to.

WORKMAN: The Air Force has come out with an MBU-12P that is an integrated hard shell,

but again another double seal on the oral-nasal mask used in the fighter com-

munity. It has also been modified with a slightly different version of the over-

board dump, but it also has again the same basic performance characteristics.

It's a little more comfortable because of the difference in the design of the face

form itself and the restraining assembly. This was modified at Wright-Patterson

and is used in the hyperbaric chamber at Wright-Patterson. One thing that is

common to all the masks that I have here is that, there is- with the exception,

perhaps, of the French mask - no built-in intercom. We have sacrificed the mike

port for the overboard dump in these modifications. Now, there is another mask

that's in use at several research labs, and this is the French Intertechnique

mask. And Iguess, Mike, thisissimilartothe MAGIC mask.

STOLLE: That's the hood that's used. The major difference is that the restraint is a quick-

donning type of restraint, where you grab the nasal section and press in some

levers, and this restraint inflates. You slip it over your head and then you release

them, and it clamps down on your head. It's a very quick-don type of mask.

NORFLEET: One hand, quick-don?
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STOT.r._.: Right. But, it'sgot no overboard dump rightnow.

PILMANIS: This isnot a quick-don mask.

STOLLE: No.

WORKMAN: That isnot, and that does not have overboard dump capability,I'm sure.

HAMILTON: What isin thisoverboard dump rig here? Or does itmatter?

REIMERS: It'sjusta venturi.

WORKMAN: A very expensive venturi,I might add.

Now Iknow thisreallyisnot inthe running, but itwas discussed earlierand,

again, forthose ofyou who've not seen what a Sea-Long hood assembly is,I

brought one foryou. Very comfortable forlong-term wear; but, again,you pay

a penalty with your consumables here. An awful lotof gas isrequired tooperate

thissystem. However, there'snothing that says that ithas tobe thisbig.

HAMILTON: Well, you could alsorecirculatethe gas.

WORKMAN: Yes, as we had discussed before. Now, Idon'thave a complete prototype with

me, but thisisthe new faceform that the Air Force did not adopt,but itwas a

clearclosecompetitor toitfor the new advanced tacticalfightersystem; the Com-

bat Edge mask, as it'scommonly called.Now thisparticular mask has again a
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differentprofile:very comfortable for long-term use. Right now, we'rebeginning

tomodify itforhyperbaric applicationsbecause we can do away with that over-

board dump assembly. We've got the overboard dumping that can be integrated

into thiswithout the venturi, and you maintain your intercom capability.We

are even interestedin thisperhaps tobe able toincorporate both the oxygen sup-

ply and the overboard dump intoa singlehose so you can eliminate one of the

hoses from that.

HAMILTON: It'snot concentric?

WORKMAN: Yes.

STOLLE: So what you'resaying isthat,your patientorother person breathes inand out of

that one hose?

WORKMAN: Yes.

STOLLE: And so the overboard dump part ofitisactuallyenclosed in your gas system?

WORKMAN: Yes. I'vegota testplan and I'IImake additionalcopies.This isa testplan just

foryour information that our folkswillbe using in the very near future to do a

littlefurtherwork on thismask. Now the interestingthing about thisparticular

system is,with the exception ofcombining the oxygen and the overboard dumping

valve,allofthe parts are existingin the inventory right now. It'sjusta matter of

assembling them together intoa workable system.
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HAMILTON: This has a reliefvalve on it.Itlooks likethiswas made foraircraftwith two

hoses. Why did they need two hoses?

WORKMAN: Iwas not involved inthat. Idon'tknow.

HAMILTON: Have you looked atthe Britishmask?

WORKMAN: No, I have not.

HAMILTON:

WORKMAN:

They have one thing, just looking at the mask, that looks attractive to me; that is,

that the hose comes offto the side. It's not on a long lever arm sticking out in front

trying to pull your head down and disrupt and seal. It may be something to think

about if you're actually getting to the point of designing something.

One ofthe reasons that we startedtrying togo with thismodified Combat Edge

mask was again toeliminate the requirement forthat overboard dump assembly.

Because, to replace those,it'sabout $1000 a copy forthat littlepiece. Anyway,

basicfunctional requirements ofthe mask as presented inJSC-31013, are a mask

with the abilityor BIBS abilitytoprovide 21 to100% oxygen, overboard dump

capability,and an issue thatisonly addressed by the MAGIC mask or,atleast,

the French mask that we have here in the hood, isthe element or the requirement

foreye protection. Ihave tobe honest; I don'trecallus discussing that when we

met a couple ofyears ago,as that being one ofthe requirements. Was that re-

centlyadded?

NORFLEET: Yes, that was. That was added in Rev. C ofJSC-31013.
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WORKMAN: Now, some of the other issues, of course. Fit: One size fits all. Long-term com-

fort. Again, weight: In-use weight is not necessarily the problem; but, of course,

the overall weight of the mask is, I'm sure, of vital concern for just the overall

contribution to the weight of the airlock itself. Axe there any other issues that

anyone would like for us to discuss on line right now?

BARRATr: Where you have a question mark, we are to design to accommodate the 5th per-

centile Oriental female to the 95th percentile Caucasian male.

WORKMAN: Have fun!

NORFLEET: Individually fitted masks, preflight, in the absence of facial hair.

BUCK: How are you going to use individually fitted masks, though, when we have a

requirement for three masks? We stow those three masks in the equipment lock;

you don't know which three crew members those will be unique to.

NORFLEET: You're probably going to have to bring up a shell, a subassembly, because it takes

two to make a mask seal. You've got the mask and you've g0t'a person's face, and

realistically now I'm talking budget talk; but it seems to me that realistically

there is no way that you could get one mask to fit everybody from the 5ta percen-

tile Japanese female to the 95th percentile American male. If you can, that would

be a great seller.

WORKMAN: That's a very difficult thing because, in many of our female flight nurse DCS

cases, we've had to jury-rig the mask. We've had to pad here and pad there, and
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buildup thenosebridge.That'sone reasonwe reallyliketheCombat Edge mask

becauseitismore adaptabletofacialcontoursthan aretheearliergenerationsof

themask. With itbeingasemisoftshellasopposedtoa hardshell,it'sreallymuch

more advantageousforustomake thosemodifications.Personally,inour pro-

gram I'mexcitedaboutbeingabletogo tothistypeofsystem.

NORFLEET: So it'salmostliketheoral-nasalcup toa Draeger;what isit,the Aga Divater?

HAMILTON: What'sthisstoryon eyeprotection?

WORKMAN: For contaminatedatmospheres.

HAMILTON:

STOLLE:

But isitgoingtobe there?We don'tmeet thatrequirementwith thismask.

The onlyrequirementforeye protectionisintheeventualitythatthe environ-

ment comes down intotheeyesand you can'tsee.Ifwe don'tgo withtheMAGIC

mask, we planon alsotransferringwith themasks apairofgogglesthatyou

couldstowsomewhere.

WORKMAN: Thatdidn'tcome acrossinJSC-31013. Itcame acrosstome as an integratedunit

there.Itis,perhaps,a more reasonableapproachtocome inwith a pairofgoggles.

The overallweight isgoingtobereducedsignificantly.

STOLId: Right.

WORKMAN: So, with that in mind, then, you've got a full range of options.
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NORFLEET: Maybe I could bring up an issue for Mike. Those are our requirements; you're

quite correct. But, there's a Station-wide effort, which makes sense, to try and

come up with common masks for all purposes - pre-breathing, fire fighting, and

supplemental oxygen, as well as hyperbaric use.

WORKMAN: I think you can understand that that would be a question that would be asked.

REIMERS: That's going to be a little bit difficult. I think you're going to find for long ex-

posure, like pre-breathing or hyperbaric treatment, people aren't going to want

something over their face. It's going to be hot and sticky, rather uncomfortable.

They're going to have a tendency to take it off and throw it at you.

PILMANIS: Wee use this French mask routinely for 6 to 8 hours, sometimes 10 hours. Never

a complaint from our subjects; it's very comfortable. And, we know it's 100%

oxygen because there's a slight over-pressure. In fact, the reason we went to it

was for the comfort, to use for prolonged periods of time.

NORFLEET: It does incorporate the eye protection, and it fits around. As was mentioned, it's

easy to make a seal with this kind of a mask. Because all you've got to deal with

is the neck.

WORKMAN: That's right. And it's got your built-in intercom with it.

STOLLE: Is it any more gas hungry than, say, your facial mask?

PILMAN_S: Well, we have an unlimited supply, so for us it's not a problem.
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WORKMAN: Again, we have not looked at thismask in an overboard configuration. Ican't

answer thatquestion.

HAMILTON: Can itbe made to be overboard? Do you use itoverboard, Tom?

WORKMAN: No. I'm sure itcan be modified forit.

NORFLEET: It'sgot a one-way valve on the exhalation port that we've actuallymodified to

collectexpired gases forpulmonary measurements. So,yes,itcan have that. It's

got kind ofa wimpy oral-nasal cuff,so,perhaps, the dead space inthe thing isa

littlebitbigger and the gas consumption would go up a littlebitmore.

WORKMAN: Not nearly as much as itwould on the hood.

NORFLEET: Oh no; no way.

REIMERS: How deep did you use that thing?

WORKMAN: They go to altitude.

PILMANIS: We go to altitude.

HAMILTON: Fve not had that MAGIC mask.
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REIMERS: I would guess it would flunk in the hyperbaric chamber because the regulator

capacity is awfully small. The reason I say that is, when we built that chamber

at Conroe, we said, there's got to be a better way for a mask in a chamber that's

got a mask. There are all kinds of little operating room scavenger masks with

overboard dump capability. There are several of them out that look real attrac-

tive: nice, small, and what have you. We dragged three or four of them out and,

by the time we got to the 60 or 70 fsw, they just couldn't cut it. Most disappointing.

There was a supply regulator made by Sierra that was small, light, and had very

nice performance; this was several years ago.

HAMILTON: Is this intended to be an aviation mask? Why do they make them like that?

WALIGORA: Bill, it was originally designed for submarine escape, I believe. So it may have

been actually designed originally for a higher pressure.

HAMILTON: But see,the submarine escape profileactually doesn'thave very much high pres-

sure. There's a momentary spike,but not much high pressure.

REIMERS: The mechanics of adapting a regulator with hyperbaric capacity and overboard

dumping in something like that is manageable. You have to be a little bit careful

about CO 2 retention. I have a suspicion that could get to be a problem really fast.

BOVE: Well, actually, a device that like that, almost by definition, has to have some free

flow in it for it to scrub CO s.
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PILMANIS: We over pressurize by about 2 mmHg.

HAMILTON: But does itflow continuously when they'renot inhaling?

PILMANIS: Very slight.

REIMERS: Has anybody done any definitivestudieson that thing interms ofinspired CO 2

levels;e.g.,dead space?

PILMANIS: We periodicallytestforallgases. Ican'tquote you the exact numbers; but,ithas

been fairlythoroughly testedforgases. Ibelieve it's99% oxygen and very little,

ifany, CO 2.

NORFLEET: We put a mass spec probe inthe oral-nasalcup totry and get end tidalCO2's. I

can'tgive you a lotofinformation on that because we've only gotten itfixedin

the lastcouple ofweeks. But, we do get a nice alveolarplateau, and we do get a

drop tovery close tozero inspiredPCO 2with that oral-nasalcup. Was that your

question?

REIMERS: What oral-nasalcup?

HAMILTON: You don'tget tothat cup because the mike's in the way. This has a valve;so,

when you open that,you'rebreathing from ambient. Isthat a safety valve?

340



WALIGORA: There are two controls on there. One of them, you can divert the oxygen inflow

with. One of them is to the cup, and the other one is to give you some constant

flow.

HAMILTON: Okay. That's probably what that is, because there doesn't seem to be any place

where you can inhale through it without a gas supply.

WALIGORA: The basicsetupisademand regulator.

HAMILTON: If you haven't drilled for it, when the gas supply fails, you'll learn to take it off

very quickly.

BOVE: Bothofthosemasks have an overrideon themask forwhen peoplegettiredof

stickingtheirfaceintheoral-nasaland theywant back outofit.But,ifthede-

mand isn'tbeingdemanded and you'restowingthemask, you'vegottohave a

freeflowtobreathethrough;sousuallytheyhave an overridesoyou can free

flowthething.Thesethingsgenerallyrequiremore gas supply.

WORKMAN: Depending upon the type of mask that's selected and used, we have enduring fac-

tors that you need to be concerned with. One is the oxygen delivery. Obviously,

you are in a tricky situation. You want to be able to maximize that oxygen de-

livery. I tried to look for the data but was not able to find it. We have done some

work at Brooks that showed that, even with a very slight leak in the face form of

the mask, you can reduce oxygen delivery by as much as 50%. So, obviously we

want to be able to try to meet that challenge of the full spectrum of being able to
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fit,and Idon'tthinkthatit'sgoingtobe easytocome up with"onesizefitsall."I

reallydon't.

Another areathatwe'reconcernedwith,ofcourse,istheincreasedoxygen build-

up intheairlock.Some mask optionshave no overboarddump. Obviously,if

you have an improperlyfittedmask, you'regoingtohave an outboardleakof

oxygen and,withouttheventilation,that'sgoingtoincrease.Without a way of

dealingwiththatincreasedoxygenbuildup,you'regoing toincreasetheriskof

fire.RegardingincreasedCO sbuildup,you have prettymuch thesame criteria,

exceptwe'redealingtherewithperhapsthe adversephysiologicalresponsewith

theincreaseinCO s.Steve,doyou have anything thatyou want toadd tothis?

REIMERS: Yes,acoupleofthings.Inour experiencetestingvariouskindsofmasks, we

generallyfindinspiredCO sperformanceon masks withoral-nasalstorun about

1% surfaceequivalentand kindofgetworse from thereastheoral-nasalgoes

away. Thisisdoing a littledifferentmeasurement technique.Thisisvolume

averaging,pneumaticallyhomogenizingtheinspiredgas and thenmoving the

CO 2overthere.Now how thattranslatesintoend tidalCO Sisunclear;there's

some timinginvolvedthere.Doing thissortofthingwith mass specscan give

you reallybizarreresultsifyourtimingisoffalittlebit.Infact,one ofthethings

we triedtodoatone time was developaprocedureforthe NFPA formeasuring

inspiredCO_ infirefightermasks and correlatetheresultsofthatproceduretoa

mass spectimingtypeapproachtheEuropeans aretryingtouse.The difference

inthepriceofthetestequipment thatyou had todo thiswithwas about5:1.The

pneumaticdrawing averagingprocedureisone thatI'veusedfor20 years,and
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maybe used it for a long time until I got to where they felt I could afford mass

specs and computers.

We found that the inspired CO 2 levels that we were getting on the same mask

with the volume averaging technique tended to be consistently about 0.5%

surface equivalent (50 kPa) higher than what the Europeans were reporting on

the same mask under the same metabolic conditions. So far, based on the limited

amount of work we were able to do at the time, we were not able to explain the

difference. If you like, I could fish some of that stuffout and send it to you. It was

work we did for Interspiro, and the idea was to submit to the NFPA procedures

and criteria for doing this prior CO__testing on this kind of stuff. But, so far the

committee in its infinite wisdom has decided not to address that subject.

BARRATT: I think we'd certainly like to look at whatever you have.

REIMERS: Okay. I'll fish that out.

There's a society called the International Society of Respiratory Protection that

deals with masks for miners, fire fighters, and general industrial applications.

Those people are really big into this quantitative fit testing business. They've

got procedures, and you can go buy a machine now that allows you to put a hood

over the guy, sort ofhalfa body sack, and you put some chemical in it and then

they snifffor it. I brought with me copies of the journal they put out for the first

several years. If you want, Bill, I could leave those here and you could go through

them and glean out what you want and send them back to me.
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BARRATT: One somewhat unrelated question. We're looking atthe MAGIC mask primarily

from a commonality standpoint, as Bill said.Do people feelthat the quick-don

feature isimportant in our hyperbaric airlockgiven two things - the masks will

be destowed and out there; on the other hand, the chamber isgoing tobe the more

hazardous volume from a firestandpoint on the Station.

WORKMAN: The quick-don feature isgoing tobe more ofa concern for your insidetender. I

don't necessarilysee a requirement for a quick-don feature for the patient unless

you'rein an ebullism state.

BARRATT: Primarily forthe tender who willbe offthe mask himself.

PILMANIS: The ebullism situationisgoing tobe difficult;Idon't know that you'regoing tobe

able touse that fullhead because ofrespiratoryproblems.

REIMERS: Another issue,too,isthat it'squick-don when someone isputting iton their own

head; but how about when you're trying toput iton a patient who can'thelp

himself?.

PILMANIS: rm not sure you want to cover the whole patient'shead in that situation,because

he'llbe intubated and the oxygen willbe deliveredthat way.

STOLLE: Right now, we do have a medical requirement totreatebullism. And, so what

you seem tobe saying is,totreatebullism would rule out even the possibilityof

using a full-facemask.
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PILMANIS: No. You're not going to need any mask if you're going to intubate the patient,

and that's very likely. However, during the course of that treatment, you may or

may not have to extubate him and then go to the mask. You might keep them on

intubation; it just depends. But one thing I would stress is that, there has to be

an oxygen connection to the trachea.

WORKMAN: And you've got to have overboard dump.

PILMANIS: And that isnot something you buy offthe shelf.We could jury-rigsomething in

the chamber, but we used itallthe time inintubated patients.

STO LLE: So, what you're saying to me is that some of your treatment does not involve the

use of a ventilator but it does use an endotrach tube with oxygen being supplied

to it.

PILMANIS: And with the Ambu Bag, you need to have a connection for the oxygen, too.

STOLLE: Right. Now that'ssomething that we'llhave towork out.

WORKMAN: In my personal experience ofpatients that we've had tointubate,we've always

had them on a ventilator.But again, we have made accommodation tobe able to

provide the oxygen plus the overboard dump.

STOLLE: I guess one possibility is to remove the demand regulator from the mask if it exists

as a detachable unit and make it attachable to your trach tube or something like

that. There were two questions that I wanted to ask regarding mask leak. One of
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the thingsisthatwe may be forcedintopurchasingthreedifferentsizesofmask

- small,medium, and large,beingabletointerchangeoral-nasalsections.But,

that'sgoingtorequireatimefactorintheretoexchange thoseoral-nasalsections.

Assuming thatwe have agood fit,doesa mask under positivepressurenormally

leakdue tohead movement, movement down, oranythingofthatsort?What I'm

gettingat,isitreasonabletoexpecta no oxygenleakagerequirementtothat

mask?

v

PILMANIS: Leakage out isfree;leakageinistheproblem.

WORKMAN: Itdepends on what sizeyour leakis,though,Andy. I.fyou'vegotasubstantial

leak,thenyou'resignificantlydegradingoxygendeliverytothepatient.

STOLLE: Right,and theconcernisoxygen buildupwithinthechamber. We don'thavea

lotofresourcestopurgethatchamber.

WORKMAN: Iwould say thatprobably,lookingatallofthepotentialnegativeimplicationsof

a leakingmask, you'dbe betteroffjusttonothaveitleaking.

STOLLE: So it'sreasonabletosaythatthe mask shouldnotleak?

WORKMAN: Iwould say so,yes.The mask shouldnot leak.

STOLLE: Okay.

346



PILMANIS: It'svery important, and maybe we should go on record as saying it,that they

truly get 100% oxygen.

NORFLEET: With a conventional Scott-type mask, not a hood-type mask but a conventional

Scott aviator mask, is monitoring of expired gases for percent oxygen or percent

nitrogen as a detection for occult mask leaks advisable?

REIMERS: Let's compartmentalize the question. We've got several scenarios here. One is

oxygen pre-breathe, and the other is DCS treatment. The answer may be

different.

WORKMAN: Well, if you've got a pulse oximeter on board, you can monitor it.

BORE: You have the arterial. There are two concerns at least. One is you raise the POs

in the chamber, and the other is the crew doesn't get enough oxygen. The pulse

oximeter on the fingertip tells you if you're getting the proper oxygen, although

most of them are designed to measure oxygen saturation of hemoglobin. It seems

to me that there's another major concern. The thing is very tight, so you're pretty

comfortable with delivery, but a small leak is still going to contaminate the cham-

ber environment. And there, we'll be testing on the outside of the mask, not the

inside.

WORKMAN: I think I would probably agree with that. Yes.

STOLLE: One of the other mask fit problems that we have is that we can fit and verify eas-

ily that a particular mask fits properly on the ground. But, facial morphology
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changes inzero g,and sonow we have a completely differentperson up there to

fitthose masks. And, there'sno way totestit.

BOVE: Actually, it'susually infavorofimproving the seal. Ithink a littlebitofswelling

willcause ittoseal better.Most ofthe time, itought toimprove or enhance the

seal.Not too many people get gaunt and thin while they'reup there.

WORKMAN: You should be able tohave enough adjustment on the mask that would compen-

sateforthat,Iwould think.

STOI.,LE: Okay. In what mask? Ina particular mask that was properly fiton the ground?

WORKMAN:

REIMtERS:

Iwould think so,yes.

Another aspect ofthat isthe emergency nature ofparticularlythe MAGIC mask.

You're only going touse thesethings ifthere'ssome sortofincident going on.

Chances are,the reason you'reputting them on isyou want toput them on in

a big hurry. Now given thatyou've got fourcrew members up there,suppose

you've got four differentfacesizes?Unless a crew member istrained togo around

with his littlecup on a stringaround his neck, how do you have any sortofreal-

isticassurance that,when thisdrillcomes and everybody has todrop whatever

they'redoing and go run fortheirmask, he'sgoing tobe able tofindthat mask

thathas his fiton it? You may wind up covering a worse situationthan if'hehad

a universal one and just toleratethe leaks you get.
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STOLLE: Yes. Well, a lot of people here have said that there's no way we're going to fit a

5 th percentile Oriental female with a 95th percentile American male.

REIMERS: I know, but the question I'm asking is; you've got a mask up there. You get in an

emergency situation. I see you've got them colored red, green, yellow, blue, you're

going to go for the first mask there. If you're the 95ta percentile American male

and the mask you pick up is fitted for the 5th percent Japanese female, you've got

a problem, my friend.

HAMILTON: Are these things going to be distributed here and there throughout the Station?

Are there going to be more than the number of crew members?

STOLLE:

HAMILTON:

Yes. Every 4.6 m (15 ft}, they have to be able to get to a mask.

Okay. So that's the reason for commonality, then. One could make a case that

each person should have his own mask, but to carry the mask around with you all

the time when you're trying to work around the Station, when you may not ever

need it the whole time you're there is a little bit of a problem operationally.

STOLLE: Iwould suggest that we sizeforthe oral-nasalsectionforthe hyperbaric type of

situation,where a mask fitisvery important.

WORKMAN: Mike, where does that leave us? Can we have a summary?

BARRATT: It leaves us with the points that: Form fitting is going to be very difficult, there

probably will not be a universal mask, and that seems a solid recommendation of
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the committee. The quick-don feature kind ofgot a softresponse as faras looking

atthe MAGIC mask; commonality isgoing toremain our major issue.And, Mike,

do you have any other things?

STOLLE: No, you summarized itquite well.

WORKMAN: I'llkeep everyone informed on how we're coming along with our development

testingwith this.

REIMERS: Iwould encourage you toconsider the possibilityofusing basicallya universal

mask and then using customized masks only when you findyou have to. Other-

wise,the confusion factorislikelytobe a littlebithard tomanage.

BARRATT: One thing we didn'taddress was shelflife.Obviously, that'sgoing tobe an

issueforus. Comments on the newer ones that are developed here? This one in

particular.

HAMILTON: That'snot much ofan issue.But, ifyou put them in there and expect them tobe

there 30 years later,you might have a problem.

WORKMAN: You're going toneed toincorporatesome periodicexamination tosee ifthere'sa

degradation ofthe rubber orwhatever.

BorE: Just toraisea question. Having walked around with a gas mask atmy side for

10 weeks: How farout isit,the idea that you have a custom-fitpart ofthisthing

relativelysmall and compact? Somebody isina specialjacket in the flightsuitor
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whatever people wear, and they actually do carry the little custom-fit part of it

with them all the time and just hang it on the wall; the fitting that it snaps into is

universal. I was just wondering whether that idea is possible? Then everybody

just carries it all the time.

WORKMAN: I guess the answer that we would expect to hear is, that hasn't met the materials

testing; right?

I_IMERS: My own feeling is, if you have to go to custom, that would be the way to do it.

Well, Steve, even if you had four sizes, you could imagine all the size A's sud-

denly converging on one size A mask in a certain spot; you still have a problem

even if there are only four sizes. You fit it and make sure it works; you stick it in

your pocket and carry it with you. So, everybody has one that fits. It doesn't

have to be customized.

HAMILTON: There's something to be said, also, from a weight point of view if each person has

one mask, and you have maybe one or two spares in the whole Station, you don't

have to have nearly as many masks up there. But, it's a burden to carry it around.

BOVE: Unless it's really small. That little thing there could be tucked in a pocket in a

suit without any problem at all if there wasn't much more than that. And, that's

snapped into a retainer that supplied the gas for it.

WORKMAN: Well, you could have the hard shell portion being resident at the site. I'm sure

there would be a way that you could do that. You could just roll this up and stick

it in your pocket.
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SPEAKER." That's what Iused, that littlespecialpocket there.

REIMERS: The notion ofcarrying something around justseems awkward. I realizethere'sa

vacuum out there. But, are you going to take itinthe potty with you?

HAMILTON: Itmight be the time you need it.Just don'tflush,right?

BARRATr" Mask selectionwill be an issuewith us for awhile, and Mike Stolleisone ofour

main men there. So, any further input would be welcome.

I-ly_erbaricChamber Fire Suppression On Orbit

BARRATT: Iwant tomove on toone ofthe more important topicsfor us rightnow, one ofthe

focalpointsofa lotofongoing discussion on several fronts,and that isfiresup-

pression. I'veasked Mr. Reimers and Dr. Hamilton toaddress thisissue. Before

we get startedon it,Iwant tomention two things Ithink Imentioned tosome of

the folksindividually. A recent study that was released tosome ofthe folksat

JSC, especiallythe materials sciencepeople,somewhat preliminary ofthe actual

data being released described a comparative trialbetween nitrogen and CO 2as

f'rresuppressants that was done at the White Sands Test Facility.In this test,it

was demonstrated that CO 2 was more effectivethan nitrogen. However, nitrogen

and CO 2 were equally efficaciousin extinguishing the most flammable materials

at 2.8 ATA. By _equally efficacious,"that meant that both put out the firewithin

a second.
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The second point to mention is, there is some ongoing microgravity combustion

research. The team is centered at Lewis and they have discerned in a series of

three Shuttle flights - and there will be seven more in this series - that, because

of the lack of convective forces in microgravity, fires don't burn very welt. Below

an oxygen concentration of about 35%, it's not a threshold valuate by any means;

but, as you go below there, the fires become much less capable of propagating.

They speculate that, at 20% in a totally quiescent microgravity environment,

even at our pressures, they do not think that the fires would actually burn. How-

ever, a little bit of convection goes a long way. I think it's been mentioned at

previous ad hoc committees meetings that there was some concern about the

convective front of a wave of Rre suppressant actually causing a fire to flare.

They have indeed found that to be the case, although they have not done a com-

parative trials of fire extinguishants. So some experiments are ongoing in that

area, but we're finding again that a little bit of convective force can actually

increase the flammability beyond the point of one-g combustion.

BOVE: Isthismicrogravity at I ATA?

BARRATT: These are microgravity studiesbetween 0.5and 2 ATA, and they haven't really

seen a lotofpressure difference.

BOVE: That's differentthan the hyperbaric data.

BARRATT: Right. But again, under microgravity conditions,the picturechanges.
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HAMILTON: You should have three handouts from me. One on COs, and a two-part thing from

the NOAA diving manual - the old manual and the draftofthe material forthe

new one; _new" being written in 1985, but they'rejust gettingthe thing out this

year. It'sactuallygone tothe printer. But, the material hasn'tchanged a lot.

(Added atend ofsection.)

REIMERS: We'll spend a lotoftime on it.The top part ofthese (FIG.I00) isthe usual fire

triangle:oxygen, ignition,fuel.Several years ago, Icooked up a similar thing

for how you deal with it:detection,suppression,and effectsmanagement. Effects

management ismanagement ofboth the fireand the suppression agent. Often-

times in a closedenvironment likethis,the suppression agent isworse than the

fire.Enough said on that. There's a paper Iwrote some time ago on operational

safetyin hyperbaric environments. It'sbeing copied,and the paper has a copy of

thisin it.Ithas some other usefulthings,too. That particularpaper was written

for people operating clinicalHBO chambers. There's not a lotin itother than

motherhood that'sapplicable here,but there are some things. In the back are

two referencesthat are inpublished literaturein atmospheric control.

Interms ofdiscussion ofburning rates,as you can see,forconstant oxygen con-

centrationas the pressure goes down (FIG.101),burning ratesin standard tests

tend togo down. This isaccording toa one-g environment. This isa fairly

standard chart that'snow in back ofthe NFPA 99 standard on fireprotectionin

hyperbaric facilitiesthat'swidely available.
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In a hyperbaric chamber, it'sa differentstory. Ifyou get 30% oxygen inyour

hyperbaric chamber, you've got a very dangerous situationon your hands if

there'sany gravity or convection going around.

I'vedone a lotoffireriskmanagement stulTover the years. One ofthe more

interestingones was firerisk management in about a 4-storyhigh, 9.1 m (30 ft)

wide, I ATA undersea well head enclosure which was supposed tobe manned and

occupied whilst handling livepetroleum.

That was a bitinteresting.But, thisisa differentball game. What itkeeps

coming back to,in terms ofsuppression procedures, isthat the best thing todo is

cut offthe oxygen. Translation: Use microgravity toour advantage. Itmakes it

very easy tocut offtheoxygen supply, which means the firstthing you do inany

fireevent isturn offthe ventilation.Stillthe atmosphere as much as you can. In

the hyperbaric chamber, that means the firstthing you do isturn offthe HECA.

Instantly.That basicallymeans anywhere else inthe Station,ifyou get a fire

alarm, the firstthing you do isturn offallthe ventilation.Now that does a lotof

things- allgood. You cut offthe oxygen supply tothe fire.And, probably equally

as important, you containallthe bad gases and the heat. You don't go spreading

the combustion products allover the place;which, among other things, means

you don'tgo ruining the visibility.Ifpeople are going tomanage a firesituation,

they'dbetterbe able tosee what they'redoing. In a firethat'smaking any smoke

atall,itdoesn'ttake much smoke tofillup a confined space. Ithappens very

quickly.
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Once theareaisisolated,thenafterward,ifneeded,add some agenttotheiso-

latedarea.What I'm suggestingintermsoffireriskmanagement is,onceyou

turnofftheventilation,itmay verywellbe asimplefireblanketisallthat's

needed.Idon'tknow what theymake thesethingsout of.They'vegotsome sort

offlame-inhibitedchemicalbuiltintotheblanket.Justput thaton and say

"Okay,we'llwaitforyou togo out."That cutsofftheoxygen supply,contains

thepollutants,and,ifyou'vegotsomethingnasty,you can squirta littleHalon

orsome othersortofsuppressionagentunder theblanket.

Other ways ofdealingwithfire,ofcourse,aretocoolthe source,primarilyin

microgravityjusttopreventreignition.And, now you'vegottime.Ifyou'vegot

theoxygen cutoffyoucan takeyour sweettime coolingthe ignitionsource,and

one way tocoolitisjustsimplytowait.As longaswhatever theinitialheat "

sourcewas,isgone. Otherpossibilitiesinterms offireextinguishers:nitrogen,

CO2,and Halon maybe. Now, ifyou'regoingtouse nitrogen,ratherthan think-

ing intheusualterms off'zreextinguisher,thefire'sover thereand you stand

hereand you blow atit,Ithinkwhat'sgoingtobe appropriatehereissomething

witha greatbig,longwand. You stickthewand inthemiddleofthefire,you

bleedinnitrogen,CO s,orwhatever you want. But,you stickitrightinthefire,

doitslowly,and againtheideaistopushtheoxygen out.Any atmosphere

movement thatyou purposelycreateshouldbe basicallyfrom theflamesource

out.Thisissortof180°outfrom what we do down here.A littlebitofHalon

therelikelywould work verywell;intermsoff'iresuppression,alittlebitof

Halon goesalongway. Now, thedown sideofthisisthestuffyougetwhen it

pyrolyzes.There may be asituationwhere you'dwant tothinkaboutthisstuff.

Any questionshere?
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HAMILTON: At some point, we have to address the fact that we turned the oxygen supply off.

And, we all have our masks on, What are we going to breathe?

REIMERS: Bill's right. Coming down here a little bit further, in talking of automatic and

manual-type actions, the first one is detection, such as an ultraviolet detector;

you've probably got those up there already. However, I think your first line of

defense is going to be the combustion products detectors. Now, the ones we were

talking about yesterday I found very interesting. We tried them in hyperbaric

chambers years ago and threw them out because the typical combustion products

detector, or home smoke detector, is an ionization device. It measures the amount

of radiation, whatever kind it is, that gets to the sensor. But, there are two things

that decrease that: large molecules getting in there, even smoke particles, or just

more smaller ones; e.g., increased ambient pressure. So, those kinds of detectors

in a hyperbaric environment don't work very well because you have to turn the

sensitivity down so far they don't false-alarm beep; that shallow, they're sort of

useless. But, the device we saw yesterday should be fairly immune to that. It

wasn't using that process.

There's another thing here that's very useful to keep in mind;in that there

are two types of f'lxes. There are two very different types of ignition. The fire

risk management response to those differs. One is a high-temperature diode

that was used for instance, to do this kind of work, where you get a piece of cloth-

ing and take a match or blow torch or something, stir it in the bottom, and see if

you can quietly watch it burn. The other one is where you have some sort of mass

of combustible material that's slowly heated. That's a much more dangerous sit-

uation because, as NASA research from years gone back has shown, with most
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materials when you do that,somewhere a few degrees below autoignitionyou

lose 10 or 20% oftheirweight. This representsvolatilesgoing out inthe atmos-

phere. So ina slow-heating environment, by the time there'sactuallyan open

flame tobe detected by anything, you've got a fairbitoffuelreleased intoyour

environment. And, ifthe combustion products detector isworking right,it

should pick that up.

BARRATT:

There have been some effortstodo thisin hyperbaric chambers. The problem is

there'svery little- and to my knowledge, there'sno- definitiveresearch inhow

this works. Itmight be something that your R&D people want tolook at. With

some sort ofatmospheric sniff-ragdevice up there,ifyou take typicalfuelsand

slowly heat them up, determine what appears inthe environment before you

actually see open flames.

What's the experience sofar with hyperbaric fires?What's the distributionof

those two types offiresthat you tend tosee?

REIMERS: The testfirestend tobe made with littlehigh-temperature igniters.In my ex-

perience with those,you take a littlebale ofexcelsiorwood chips and igniteit,

and itsitsthere insidethe chamber likea nicelittleBoy Scout bonfireand quiet-

lywaits untilyou come pour water on it.Operational fireshave been more like,

_Ooh, there'sa frre- one, two, three,blooey!" Those are usually the slow-heating

kind. For instance,with the EDU firethey had some sortofCO_ scrubber that

apparently had a kerosene trace in itnext toa motor that overheated and, you've

got toknow, by the time that thing caught f'irethere was a ton offuelin the envi-

ronment. Furthermore, they had 35% oxygen inthere and did everything wrong.
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REIMERS: There's a guy down in Taylor Diving where they had lightsinsidethe chamber.

Outside people wouldn't turn them off,and he took his T-shirtoffand hung itover

the light.You've got toknow by the time that T-shirt went, there was a lotoffuel

inthe environment.

WORKMAN: Most ofthe fatalfn'eshave been a resultofsomething that'svolatized.But, there

have been hyperbaric chamber firesthathave been survivable because they have

been more isolatedevents.

REIMERS: Inthat regard the one at Geissinger probably fitsthe second category,where they

microwave-heated a blanket; they were locking itin tocover up an infant.They

had itina pass-through lock,and when they took itout and ithitthe compressed

air,the thing burst into flames. But, inthat case there was clearlyno pre-release

offuelinto the environment because itcame out ofa medical lock.And, there,the

insideattendants moved the infantf'u'strather than tending tothe fire,which

probably they ought not tohave done; but the people outside saw what was going

on, turned on the deluge, and put itout.

WORKMAN: We're putting together a report now looking atchamber fires,tryingagain to

pull together allthe data that we can findinternationallyand get that published.

We're not ready yet toget that out,but thatcertainly willbe available soon.

REIMERS: In a hyperbaric environment, one ofthe things we do as a package response toa

firealarm in that situationisturn offtheoxygen. We're talking about fireshere

that startedfrom the slow heating ofsome sortofcombustible material. For

instance, an electronicdevice has overheated or what have you. The one real
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nasty up there that doesn'tfollowany ofthese rulesisifyou get oxygen fire.You

get oxygen gettingout ofsomething, eitherinthe lineitselfor you've got somehow

a linethat'sruptured and oxygen ispouring inon something, that doesn'tobey

any ofthese rules. About the only thing you can do there toput that out istoturn

the oxygen off.Now one question is: Once you do that,what does that do toyour

masks? The question there,particularlyon the MAGIC masks that are distribu-

ted around the Station is:Axe those being fed with oxygen and nitrogen mixed

on site,or isitbeing mixed someplace elseand sending air around? That's an ex-

tremely important question.

STOLId: Our present system takes O_ and Ns and mixes them at the chamber, via the

HGPCA.

TRAUSC H: But, ifyou're turning offtheHECA you can stilluse HGPCA vents.

REIMERS: Right. Ifthe fireisin.sidethe hyperbaric chamber when you turn offthe HECA,

what we're sending intothe chamber, at leastfor the attendant, isgoing tobe

something that approximates air. For the patientthat'sin there,he'sgetting

oxygen. You somehow have toturn that oxygen off.The way the system isde-

signed rightnow, that'snot going tohappen automatically. The tender outside

isgoing tohave tocontrolthis.

BUCK: Or turn ittoair;he could go on air.

REIMERS: Turn ittoair,yes. One thing you don't want todo isturn itto nothing.
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WORKMAN: In all of our emergency procedures for our operations, the first thing we do is to

switch to air.

REIMERS: The question I was addressing more was the general Station, the MAGIC masks

around the Station. How much oxygen is actually piped around internal to the

Station? That's an issue that someone needs to have a peek at; because, if that

ever got loosed, there's just no way you can put it out by turning it off.

Suppression mechanisms: Whether or not they're automatic or manual depends

a lot on the mechanism that you use for doing it. It would appear, in micrograv-

ity, that a manual response seems to be much more appropriate, whether it's in a

hyperbaric chamber or somewhere else. It would appear that the most effective

suppression technique is simple containment. For instance, a fire in a little bay

out in the Station. If you could somehow isolate it, turn off the oxygen supply,

and maybe then squirt a little suppressant of your choice in, that may be a very

effective way of managing the fire risk. In the hyperbaric chamber, the same

idea is likely to apply: A little fire blanket on a fire someplace and cover it up!

That buys you time. Now you've got time to deal with it. It's going to have a

finite amount of oxygen. It's not going to get away. And, if you've got either

nitrogen, CO2, or a little Halon in there, you just squirt it in under the blanket,

I would think it would probably be very effective.

HAMILTON: Blanketsmy notsiton afireverywellinzerog. You'dhave toputa blanket

thereand holdit.
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REIMERS: You don'thave to. Oxygen transport tothe flame frontislousy tobegin with. All

we're tryingto do ismake ita littleworse. Now, we don'twant tomake itbetter

in the process. This isan area where we're alljustspeculating,really.

BOVE: Steve, what do you think isgoing toburn? Assuming there willbe a lotofequip-

ment and racks and stufflikethat,they might catch on fire.

HAMILTON: The racks are going tohave extinguishant dumped into them, aren'tthey? The

electronicracks and avionics?

NORFLEET: Are you talking about Station-wide? Yes. CO s.

HAMILTON: And, ifyou've got a confined space likethe space behind the rack, that'spretty

easy toput a suppressant into.It'sgoing towork fairlywell.

REIMERS: Let'smove on tothe next one. The $64 question,Ithink,inthisairlockis:What

happens ifyou've got some hydrazine in there? In the trafficpattern,people are

going tobe bringing indebrisboth from the Stationand from EVA. Up untiljust

yesterday,the notion ofthem tracking some propellant inand leaving littlebits

ofitbehind hadn't entered my thinking. But, itchanges allthe rules ifthat'sa

seriouspossibility.That means a couple ofthings,particularlyforCourtney's

work. There will be a big premium on designing the interiorofthe airlockso it's

very easy tokeep clean - sortoflikesurface cleaning now inclinicalhyperbaric

chambers. One ofthe things we've triedtodo iskeep itsowe can wipe the whole

thing down with a cloth;we don'thave exposed pipes.That may be a very im-

portantconsideration there,that it'sjusteasy tokeep itclean, rm not familiar
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with the flammability characteristics of these fuels, but considering what they're

being used for, I suspect they're excellent.

HAMILTON: Aren't we talking about a rather small amount of fuel that would be likely to be

tracked in?

BARRATT: Hopefully that would be detected and removed before they actually hit the

airlock. There is an outside station for detection of hydrazine and removal.

HAMILTON: If there's a large amount, they're going to be aware of it. And they have to deal

with it.

REIMERS: Yes. But, there may very well be a situation where someone has been out, an

ebullism for example, and somehow got himself contaminated, brings it in,

tracks up the airlock, and now you've got to treat him. You don't have time

to clean it up.

HAMILTON: You've got to live with it. It's a pretty unlikely event.

REIMERS: Maybe it is. But, that's a question a lot of people have to decide. You may wind

up with that as a serious possibility but no way to deal with it.

BUCK: Why not something like CO2?

REIMERS: It takes too much. And, it's too slow. Regarding Halon in an environment like

this, the only bad thing about Halon is getting rid of the stuffafterwards.
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HAMILTON: Well, there are three bad things: the breakdown, cardiac anomalies, and getting

rid of it. You've really got a few problems there.

REIMER_:

WORKMAN:

Itwas looked at inhyperbarics several years ago, and we electednot to use itbe-

cause ittakes about 5% by volume Halon toput a fireout. Physiologic reaction

toitstartsatabout 8% surfaceequivalent, which means that,at 1 ATA, it'sa

fairlyf'meagent. You've got about a 15-minute exposure toitbefore you start

having physiologic responses that are typicallycardiacproblems. But, as the

atmospheric pressure goes up, obviously the onset ofthose physiologic responses

becomes much more, much quicker. And, at 2.8 ATA, you're looking atabout

15% surfaceequivalent. A couple ofminutes" worth ofthat'snot going to get your

people in serioustrouble. But again,whether or not thiskind ofheadache iseven

worth considering depends on how big a problem, you deem the firetobe.

Ithink we crossed that bridge a couple ofyears ago, didn'twe, with the issue of

Halon?

REIMERS: Two years ago we discussed it.But, we weren't talking about propellants in the

chamber.

PANZARELLA: Well, isHalon stillruled out by the Program?

BARRATr: Yes. Our requirements fora physiologicallyacceptable firesuppressant preclude

that.
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REIMERS: I understand allofthat,but that depends on how big a problem thisis.Ifthat's

potentiallysignificant,those other things won't handle it.

HAMILTON: Well, thereare going tobe Shuttles around everywhere - one or two maybe. How

big a problem has itbeen? Isthere any propellant out there? Is that a realistic

concern?

SPEAKER: We've done this inthe past,where we've exposed the spacecraft toquestionable

statusas far as propellantcontainment, but we've never had a real problem with

it.

HAMILTON: Ishould think ifany ofitislooseout there,it'sgoing todisappear fairlyquickly.

It'dbe a bizarre situation,likeopening up a compartment or something, that

would allow a real contamination.

SPEAKER: During EVA you can stayaway from those areas that are susceptible topropel-

lantcontamination. When we are there,we don'tstickour face inthe thruster or

RCS areas.

HAMILTON: Isitreasonable then toassume that we don'tneed tobe concerned about this

rather peculiar combination ofthings;namely, a contamination with hydrazine

or something and a fire,both?

PILMANIS: And, the hyperbaric treatment? All three at the same time?

SPEAKER: Yes.
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HAMILTON: That's sortoflikea double or triplefailure,and maybe it'snot something we need

toworry about. We may make more problems than we solveby mentioning the

word "Halon" inthisroom.

REIMERS: Enough said. This isjust something thatcame up, at leastin my consciousness,

over the course ofthe past couple ofdays.

BARRATT: In some priorproceedings ofthiscommittee or others, ithas been positedthat

a singletraumatic event could involve the rupture ofa propellant-containing

vesselthat also involved a rupture ofsuitand lossofpressure. So, perhaps it's

possible,without a bunch ofisolatedevents.

REIMERS: Itmay very well be that the way you deal with thisis,when you have a contami-

nation question,you just declare the hyperbaric chamber out ofserviceuntilyou

can clean the thing up.

BOVE: My perception is,ifyou had hydrazine and you started to pump up the PO2, it

would spontaneously ignite.After all,there are no spark plugs in rockets,are

there?

BARRATT: Most ofthe RCS fuelsare hypergolic.

BORE: Yes. Ifitwas exposed tohigh partialpressures ofoxygen, itwould just spontane-

ously flash.So, ifyou have a littleblob ofitsomewhere and startpumping up the

chamber, Ithink you'd starttohave fireworks inthere.
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REIMER$: It used to be, years ago, that they cleaned oxygen systems by slowly adding oxy-

gen and then slowly raising the pressure.

WORKMAN: They called it a traumatic pressure purge.

Carbon Dioxide Physiologic Issues

HAMILTON: I'd like briefly to present a physiological perspective of one of the possible exting-

uishants: CO 2. And, I'll say at the beginning and I'll say at the end, and it's writ-

ten at the beginning and at the end of this handout, that I'm not advocating it.

On the other hand, I want to make sure, from my personal point of view, that at

least the people who are making this decision understand what they're dealing

with. So, I thought I'd review the situation with CO S quickly. I don't think it

merits a detailed discussion.

First,the perception ofthe hazard ofCO 2isinfluenced by the standards that are

setalmost anywhere you look atgas purity standards, and we've talked several

times here about the standards for the Station and forthe chamber. They are set

solow that the implication isthat something a littleabove that isdangerous.

There are lotsofcases where itcan be undesirable,and insome diving situations

itactuallyisdangerous. But, it'snot asbad as one might believeby looking at

the limitsthat people have setforit.The realdanger ofCO 2isas an asphyxiant,

and thisishow itkillspeople inbreweries, fireextinguisherfactories,and other

various places.Oil fieldsuse CO stotreatoilwells.When you have the possibility

ofitlayering in a confined space and a person gettingdown inthere,there'sno
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oxygen down there.Itreplacestheoxygen,and that'sdeadly.When peoplehave

been killedby COs,it'salmostalways been asan asphyxiant.

The stuffhas been usedfora lotofdi_erentthings.A highlevelofCO_ ina work-

ing divercan causethem togoout.Thishasbeen documented many times;Bill

Norfleetsaw ithappenat Buffalo.It'sa well-knownproblem. Ittendstobe

worse insome peoplewho have an unusuallylow sensitivity,respiratoryresponse

sensitivitytoit.But,Idon'tthinkthat'sreallya concernhere.CO 2asa respira-

torystimulantorevenasa hormone isveryinterestingphysiologically.

Iwant totalkaboutCO satthehigh levels.Let'swork up thescalehere.At 1%,

you'renotaware thatit'sthere.And, I'lltalkinsea levelequivalentbecause

that'ssomethingwe can alldealwithmost quickly.At 2% to3%, peoplewillbe-

gin toincreasetheirventilation;they'llbeaware ofit,and itcan be measured in

acid-baseshiftsand inotherbiochemicalreactions.Now at1%, you can'treally

measure it.The bodycompensatesforitby increasingventilationwellenough

thatyou don'tgetmuch intheway ofchanges.The bodylooksat CO sthisway.

The computer insidesays,_Iseethatwe havea loadofCO 2and I'mgoingtohave

toincreasetheventilationinordertogetridofit."The onlyway togetridofCOz

istoincreasetheventilationofthe lungs.So,thebody compromises between the

amount o£CO 2it'swillingtoacceptand theamount ofeffortit'swillingtoexpend

togetridofit.Now that'soversimplified,butit'sreallywhat happens.

As thelevelgoesup,thebody allowsCO 2tobuildup becausethecostofgettingit

down istoogreat.And,when you'rebreathingthrougha restrictivesystem such

as the BIBS,withdensegas,thebody faints;that'swhy peoplego out.Inthe
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situation where you're in a room and there's CO 2building up (like in a submarine,

there's plenty of experience with that- not much of it good because there are other

problems), at 5% you're going to be uncomfortable. You can work hard, however;

and you can tolerate it more or less indefinitely. It requires a shifting of the buf-

fer system of the body. At levels above that, it's going to get downright uncom-

fortable. I've breathed it at 10%, and it feels awful when you start; you can

tolerate it for a while, and then it's awful again when you go off. You experience

nausea and dizziness and just a real sick feeling. But, it gets better rather quick-

ly, even while you're on it. You sort of stabilize after about 10 or 15 minutes.

Enough time to change some kind of parameter and have a blood sample taken.

REIMERS: May I add something to that? When I was in the Navy, we were testing various

devices and little tanks. One night we went home and left the CO 2 line running

all night. I came along the next day and went in to work and inadvertently stuck

my head down in this thing and I came back out of there really fast.

HAMILTON: Well, you can taste it. It tastes like soda water.

REIMERS: In whatever concentration that was, it felt like I had just inhaled NO_. It burned

like Rre.

HAMILTON: That's right. You got a bigger dose than 10%. You can taste it at that level, but

you don't get this burning feeling. We're really not likely to experience it that

way; it will be abrupt but not that abrupt, whatever happens.
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At higher levels,it'sgoing tobecome narcoticor it'sgoing tobecome anesthetic,

ifyou will.And, somewhere in the neighborhood ofprobably 15,20, or 25%,

most people axe going togo unconscious. They willnot die;they willbecome

unconscious. Now, atlevelseven higher than that - 25, 30, even 40%- an ani-

mal and, insome rare cases,a person can toleratethisfora matter ofan hour or

two. They're allright up untilthe end ofthat time; but ifit'staken offabruptly,

they go intoventriculax fibrillationand die. This has happened inmany oper-

ating rooms when people leave the valves out ofa closed-loopanesthesia machine.

The patient has oxygen; he'snot supposed tobe moving or doing anything any-

way or responding, because he'sanesthetized. He stays pink and everything

seems free,except the CO 2has been building up because they forgottoput the

valves or the adsorbent inthe system. He looksokay, and then allofa sudden

they realizewhat's going on, and they take everything offand the patient fib-

rillates.Ifthey'renot able todeal with it,they'vegot a big problem. They found

out that thisisdue to an acid (actuallypotassium) shiftinand out ofthe heart

muscle. Ifthissituationdoes occur then,as anesthetistsmay ormay not be

taught, you don'ttake them offabruptly.

BOVE: Ever heaxofthisbefore?

NORFLEET: Well, no. Never.

HAMILTON: Well, thisdoes say it'snot much ofa problem.

NORFLEET: These days with capnography, that'sprettywell prevented.
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HAMILTON: Yes, that'strue. You now measure the CO 2inmost anesthesia systems, and

that'sthe reason. But, from thisit'sbeen learned that,infact,the exposure to

high CO 2itselfisnot dangerous; it'sthe shiftinelectro|ytesthat you get when

you take itaway. The reason for belaboring tB/s isthat it'ssomething that needs

tobe known ifwe are going touse COs; ifwe create thissituation,somebody could

get exposed toan anesthetizing dose ofit.Now, you'renot going toget the pock-

etsthat you do inone g;it'snot going tosettletothe Bottom, because there isn't

any bottom on the Station. But, ina confined space,ifyou are going touse CO_ as

an extinBtdshant, you could get enough that you might need toreduce it.One

other point: the exposure has tobe fore some time - many minutes to hours - in

order forthe effecttoappear.

To give another example of why or how the human can tolerate CO2: Emphy-

sema patients can allow their CO s to build up to 80 mm of Mercury (10 kPa),

which is the equivalent of breathing about the 10% we were talking about on a

long-term basis. They make buffer shifts to accommodate it; they're not very

comfortable, and they can't do much exercise or anything. But, it's because they

can't ventilate their lungs. The point is, they can adapt to this long-duration COe

load without anything fatal or startling coming up. So, we need to program

somewhere, if we are going to use this gas, to train somebody in the system on

this possibility. If you do have CO 2 anesthesia and total unconsciousness is the

result of it for more than a couple of minutes, it's really unlikely that you'll have

a long enough exposure to get this shift. But, it's the only real risk, other than

anesthesia.

PANZARELLA: When you talk about concentration,are you talking mainly by volume?
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HAMILTON: Well,Iwas speakinginterms ofsealevelequivalentand volume percentages,

but theeffectsarea functionofpartialpressure.That'svolume percent.And, I

have triedtotranslateitina hyperbaricsituationor the low-gravitysituationof

the Station.

PANZARELLA: Another questionis:The percentagesthatyou talkabout;arethesefora healthy

person?

HAMILTON: A lotoftheseareforahealthyperson,butofcoursethe emphysema patientwho

can'tventilatehislungsverywellisa verysickperson.

BOVE: Justaquestionforthetwo ofyou. Steve,Iwas involvedwitha work chamber

testas well.One ofthestrategiestherewas toflooditoutwithnitrogen,sinceat

a pressureabove 1ATA, you can actuallygotosmallerpercentagesofO_. If'you

want tosuppressa fireina microgravityenvironment,you cancompress and just

add nitrogenand letthe0 2concentrationdroptosuppressthe/'u'e,couldn'tyou?

FireSuppressantAgents and Atmospheres " •

REIMERS: You can do that.The Navy has,forthesubmarine fleet,done alotoflookingat

firesuppressionby nitrogenpressurization.The problem withthat- and Ithink

hereitwould be abigproblem - isthatittakesa lotofnitrogendeliveredper-

haps veryquickly.You'vegottodrivetheoxygenconcentrationby volume

down toa 10,11,or12% range that,inahyperbaricchamber likethismeans, in

thecourseofa few seconds,almostdoublingthechamber pressure.That'swhy
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REIMERS:

(Cont'd)

for this kind of thing, I was suggesting something I've never done before; that is

Halon, which in this case only adds 21 kPa (3 psi). If you were at 30 fsw gauge,

and all of a sudden you're at 90 fsw and the relief valve is going off, it's going to

be a problem.

BOVE: I think you'd have to be venting the chamber itself.

REIMERS: Yes. The likelihood in a Space Station environment being able to deliver that

much nitrogen in that amount of time is probably not very high.

HAMILTON: If you had cryogenic storage, unless you've got a buffer tank of some sort, you're

not going to have enough capacity to do that.

BOVE: Let's say you wanted to drive the 02 concentration down from 22% to 12% with

nitrogen. That's a lot of nitrogen. How much equivalent CO 2do you need to

accomplish the same thing?

REIMERS: In that situation,Iwould expect that the CO 2rule isgoing tobe the same. It's

going totakejustas much CO 2toput the fireout as it'sgoing totake nitrogen in

thiskind ofenvironment. That'sjustgoing tobe a volume-driven amount.

HAMILTON: Isthat what the White Sands study showed?

BARRATT: They compared local concentrations. Nitrogen was 20%, CO s was 15%.

REIMERS: Okay. So, it takes a little bit less, but still a lot.
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HAMILTON: Basically,it'sa bulk effect.You're diluting the O_, whereas Halon actschemi-

cally,doesn'tit?

REIMERS: Halon interferes with the flame front itself. That's why it doesn't take so much.

PANZARELLA: You're talking about quantitiesof nitrogen and CO r That's going todepend

upon your chamber size,though, and how much gas isin the chamber. You

might need a lottosuppress the entire volume, but you might need much less

inthe hyperbaric chamber. Or in the rack itself.

REIMERS: That's true.

PANZARELLA: The words "a lot"bother me a littlebit,because they'redependent upon the size

ofthe space you're inerting.

REIMERS: Yes. The chamber volume isabout 7 m 3(250 ft3).Even at 2.8 ATA, toeffectively

nitrogen-pressurize the chamber you're talkingabout dumping three times that

- say, 20 m s(700 fts)- inthere,which isthree standard sizebubbles. Not a lot.

It'snot a gigantic quantity ofnitrogen in the overallscheme ofthings. But, it

does require that you have itina form where itcan be delivered quickly. Even

that much nitrogen, ina form where you can deliveritat that kind of speed,I

suspect isgoing tocosta lotofweight because it'sgoing tohave tobe in gaseous

form under pressure.

BOVE: And, the COs?
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REIMERS: Well, no. There are a couple ofsubtledifferenceshere. CO sstoresin liquidform.

CO sat room temperature liquefiesatabout 4820 kPa (700 psi).So, fora typical

CO sfireextinguisher and any other CO stank that you buy - e.g.,with the gas

company you buy CO 2- that'sliquidin that cylinder,and you could storea lot.It

comes out very cold,which issometimes helpful.In thisenvironment, one aspect

ofusing CO sin that form that has tobe considered isthe fog it'sgoing togene-

rate. Very quickly,it'sgoing tomake itsothat people in there can'tsee. That's

because ofthe cold.It'sfoggy. Whatever water vapor isin there,it'sgoing to

turn intofog and obscure your vision.Nitrogen won't do that toyou. But, it's

going totake a lotlessweight tohold the same amount ofCO 2than itwilltohold

the same amount ofnitrogen.

BOVE: Now, CO s being a nonideal gas, I assume a given volume of CO 2 going into the

chamber wouldn't raise the pressure as much.

REIMERS: Itwould because, at the kind ofpressures you'retalking about fora hyperbaric

chamber here, you'redown inthe regime where CO 2behaves as an idealgas. We

do a lotofwork with CO 2and, fornormal engineering purposes, itisa perfectgas

up toabout 500 Ibsdilution.

BOVE: I have trouble figuring out why CO s has a real advantage over nitrogen, partic-

ularly when you've got a large nitrogen store on the Space Station to start with.

REIMERS: I've come to that same feeling. The other aspect of all this that has to be con-

sidered is this: Once we've got all this wonderful extinguishant up there, what

happens someday when it all gets loose by accident?
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HAMILTON: That'swhy you should try Krypton. I'm reallynotjoking. Krypton has proper-

tiesvery much like CO s.You can store itthe way you store CO_, and you can fill

a fireextinguisher with it.It'sgoing tocosta bundle,but you only have todo

that a couple oftimes.

PANZARELLA: A lot ofpeople are talking about the volume going in the mask in case of a fire

inside. One of our concerns is, if something should happen to the line that's going

into the chamber that provides the air to the mask, as long as you have a fire and

you start dumping CO s into the chamber, you're just making that environment

really hazardous as far as toxicity is concerned.

REIMERS: In that environment, you probably just ran out of options.

PANZARELLA: Whereas, ifyou use nitrogen,you would lessen the effectsoftoxicity.
.__.J

REIMERS: Inthe case ofa nitrogen pressurization,you have done nothing tospoilthe at-

mosphere as far as people are concerned. You've raised the totalpressure, but

you have not lowered the partialpressure ofoxygen - unless,ofcourse, while

you'redoing this,the reliefvalve isblasting away.

WORKMAN: Let'sgo back tothe partialpressure ofoxygen and the conversation that we

had when we lastmet. We are assuming that we are operating with 21% O 2

environment, are we not? Didn'twe say yesterday that that concentration was

variable? Why can'twe operate at 16 or 17% chamber environment? You

minimize the riskoffire,and you're stillat a physiologicalequivalent foryour

insidetenders. Even at 18%, you stillhave a littleambient riskoffire,but the
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WORKMAN:

(Cont'd)

outlookis improved.Theloweryoucanmaketheoxygenconcentrationin the

environment,thebetterin termsoffire prevention.

BARRATT: Agreed.Thisshouldalwaysbeareal-timeoptionforus.

SPEAKER: As we discuss bringing someone infrom outside,what isthe time lineinvolved?

How fastcan we get an unconscious astronaut inand get the chamber up and

pressurized? Itseems likethey could go no furtherthan the crew lock and pres-

surizewhile they dofftheirsuits.

PILMANIS: The only problem is that, if you haven't intubated him, you're going to have

problems ventilating.

HAMILTON: You've got to intubate him. But, you can pressurize at the same time.

BUCK: Well, I don't know where you'd put the suit. I don't know how you'd fit the suit in

there, the medical restraint, and all your medical equipment once you did get it

in there. With one person doing all of that: setting up the restraint, trying to get

the guy on the restraint, trying to intubate, and trying to set up the medical

equipment.

BOVE: Would the suit go through the medical lock?

BUCK: No.

BORE: Even without the guy in it?
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BUCK: No. Not with the upper torso.I'm sure you could put the glove through or some-

thing likethat. But I'dsay, you'd probably waste more time doing that,trying

tohave one guy set up the whole thing.

HAMILTON: Well, you've got several levelsofresponse, and gettingintubated and on oxygen

and atpressure axe allimportant. And, Idon'tknow thatone isahead ofthe

other one.

PILMANIS: You need people,and one personjust can'tdo itall.

BOVE:

TRAUSCH:

No. Somebody willhave tobe the chamber operator and somebody will have tobe

inside.But, how long does suitdoffingtake? Have they drilledintrying toget the

suitofffast? The helmet and the upper shell?

As soon as you reach the pressure and equilibrate,you can pop that helmet offin

a matter ofseconds.

BovE: Let'ssay you wanted toget a guy under pressure, so you want toget the upper

torsooff.Because itseems the pants could go through the lock.

TRAUSCH: Not really,because it'sgot a hard ring that you have toturn.

NORFLEET: Iwish Dr. Ziegelschmidt was stillhere, because they do these runs forWETF op-

erations,gettingsomebody in. They do have a requirement tohave the patient

under pressure in 5 minutes.
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BOVE: Out of the suit?

BARRATT: The suit can be doffed in under a minute for WETF operations.

TRAUSCH: That's in one g also.

HAMILTON: It may be easier in some ways and not so easy in other ways in zero g. It's going

to take you some time to get him back there; but that additional time, if it's a

minute, then it's worth it.

REIMERS: Well, you've got to consider that, if the guy has an ebullism, he's probably some

way away from the Station.

BUCK: That was something else I wanted to bring up. He could be as much as 10 min-

utes even getting in the airlock and up to Station pressure.

PILMANIS: If it's a frank rupture or a tear, then that's one situation. But, where it's a small

hole, for example, you have make-up gas available. There are all kinds of other

variables and time factors that could stretch the exposure to 10, 15, 20 minutes,

and still the person may be salvageable. It's not a pure all-or-nothing situation.

Does the suit provide any containment to the body?

BOVE: l.fit's intact.

PILMANIS: Doesn'tittighten up? I'm talking about physical containment.
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HAMILTON: No, it's not tight. It's not in the nature of the space activity suit.

PILMANIS: What I'm gettingatisthat the body willdouble itsphysical sizeunless some-

thing holds it in.

NORFLEET: A very interestingcomment, Ithink, that an astronaut made isthat he cannot

take a vitalcapacity inspirationinthe suit.

PILMANIS: Okay. That's very important because, ifthe suitprevents the body from doubling

in sizeor atleasttosome degree, survival would be extended.

BOVE:

PILMANIS:

Let me clarifythis.The equipment lock does not go under pressure and isnot

hyperbaric. So, it'sreallya singlelock. Basically,you don'thave a double lock.

That's another thing that'svery important. Whoever goes inat the startisin for

the duration, and no one else can be locked in or out.

v"

NORFLEET: Well, that'sbasicallyright. Imean, it'sa monolock, multiplace chamber.

PILMANIS; The realityis,invery hyperacute patients,that we often had fourtofivepeople

in atthe startand we locked people in regularly;itwas a regular elevator.

NORFLEET: And that'swhy, with multiple extensions,you'rejust going tokillyour staff.

You've got tocome down at some point,hopefully priortothe point where every-

body issoexhausted that they can'teven manage todo the transport scenario.
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HyperbaricChamber Duty Station Requirements

BARRATT: To continue on then. We're going to defer the communications equipment discus-

sion. Mr. Reimers will probably be discussing that privately, along with some of

the open issues that have come up between Work Package-1 and -2. We're going

to go on to Duty Station requirements. We touched on it briefly yesterday in

Courtney's presentation and during our tour of the mockup that the workstation

has been removed from the equipment lock and moved to the node nearby. I have

asked Colonel Workman to discuss Duty Station requirements partly with that

in mind: Who should be monitoring what, for how long, dedicated positions, etc.

WORKMAN: With that in mind, using yesterday as a kickoff point, here is a listing of what I

gleaned out of JSC-31013, which is what the existing document says in terms of

requirements (FIG. 102). There's nothing new in terms of personnel requirements.

There will be a minimum of one inside attendant and one outside operator. I think

at this point, we're looking primarily at evaluating what impact removal of the

workstation to the node is going to have. Also, as we discussed yesterday, the

ability to maintain an adequate visual contact with the existing camera that

we currently have needs a close look. It goes without saying, from the gist of the

conversation yesterday and a lot of what we've talked offline about, that we as a

committee are not comfortable with removal of that workstation back to the node.

There are so many "what iFs" that will require that the individual who's operat-

ing the chamber be there, with direct line of sight, and have all that information

available to him. Whether it be the additional database we've been talking

about, having immediate access to that, or other tasks. It's even more critical
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FIRE PREVENTION IN HYPERBARIC CHAMBERS

R. W. Hamilton

A hyperbaric chamber poses a special fire hazard because of the

increased flammability of materials in compressed air or an environment

otherwise enriched in oxygen.

Fire safety in hyperbaric chambers requires basically the same

practices as in other locations. The chamber, however, involves two

special considerations--the atmosphere will be an "artificial" one, and

people may be confined in a relatively small space with the fire. The

traditional fire "triangle" of conditions necessary for a fire are a

source of ignition, combustible materials, and an oxidizer. To these can be

added four additional steps in chamber fire safety in case a fire does

start: Prompt detection of the fire, a means of extinguishing it, a mask

for breathing, and--if possible--a means of escape.

The conditions discussed here are those of a typical undersea habitat

or diving-related hyperbaric chamber. An additional chamber situation not

considered explicitly is the hospital hyperbaric therapy _hamber used for

treating a variety of patients and conditions; although their objectives

are fundamentally different, these chambers have many common factors with

those used in diving. 1 A special situation in diving is the underwater

welding chamber, where there is a guaranteed source of ignition and possibly

restrictions on the control of the atmosphere. Z Another aspect of fire

safety related to diving but not limited to chambers is the handling of

high-pressure oxygen, which is a specialty area in itself.

A safe chamber begins with its design. Various codes and design

handbooks deal with this complex subject, and it can only be touched on

here.3 Given a safe design, the way a chamber is used is just as important.

This section reviews chamber fire safety, covering both basic principles and

operational techniques. For a more thorough treatment of the subject and

additional references consult the section on fire safety in the Underwater

Handbook. 4

I. Ignition

Possible sources of ignition in a hyperbaric chamber include:

• Electrical wiring or apparatus

• Cigarettes and other smoking materials

• Adiabatic compression

• Electrostatic sparks

The most common sources of previous chamber fires have been smoking

and faulty electrical wiring or electrically powered devices. Electrical

fires can start from either overheating such as might be caused by a

defective component, short circuit, or jammed rotor in a motor, or from

sparks due to making or breaking a load-carrying circuit or from a device

such as a motor with arcing brushes.

Fire Prevention in Hyperbaric Chambers
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Fire Prevention in Hyperbaric Chambers Page 2

The safe use of electrical devices in a chamber is primarily a design

factor in that it requires proper installation of the supply wiring and

properly designed devices. Wiring should be insulated with mineral

materials or Teflon® and shielded in mental conduit (which can be flexible).

The housings of electrical devices such as instruments can be purged with an

oxygen-free inert gas during operation, and may or may not be pressure

proof. Lights may be enclosed and purged, or they may be external to the

chamber and the light directed inside with a "light pipe" or fiber optic

cable. Even an enclosed light can put out enough heat to start a fire, a

fact to be considered at both design and operational stages. As part of

the fire protection plan it should be possible for both inside occupants

and the "topside" crew to disconnect all inside electrical power instantly;

lights of course must not go off.

Some installations control the electrical hazard by allowing no

electricity in the chamber at all. When it is used, it requires good

knowledge of the hazards and safe procedures by all personnel, and good

operational discipline. The use of electricity in a chamber also requires

protection of the occupants from shock hazard, which may be done with such

things as ground fault detectors and interruptors. Use of low voltage

(e.g., 12 or 24 volts) avoids this hazard, but it is a dangerous

misunderstanding to think such voltages cannot start a fire, if high

current flow is possible. Devices tolerant of pressure and qualifying as

intrinsically safe may be used, and low-current, low-voltage devices such as

headsets and microphones are generally safe. 5

There is a fundamental difference between the concepts being

"intrinsically safe" and "explosion proof" devices and those required for

chamber safety. These devices are made to defend against sparks igniting

flan_nable gases or vapors, which is not the expected problem in a diving

chamber. Junction boxes and other equipment made to "explosion proof"

standards may provide the kind of protection afforded by mechanical housings

(mentioned above), but because this equipment is designed for a purpose

different from the hyperbaric, enriched-oxygen environment, they may in

fact be inadequate. 6 Also, most explosion proof boxes are much too large

and heavy for efficient use in the crowded conditions of a chamber; there

are better approaches.

Static sparks are of course to be avoided if possible, but their

hazard in the diving chamber is probably overrated. For one thing the

atmosphere usually has humidity sufficiently high to suppress spa_ks. Also,

static sparks are only a hazard with vapors or gases or dry, finely divided

materials, none of which should be present in a chamber with proper

housekeeping. To prevent static sparks conductive materials can be used,

and everything possible should be grounded. In some medical hyperbaric

chambers the patient is grounded with a wrist strap.

Adiabatic compression is more of a problem in the piping of

oxygen-rich gases, but it is also a factor in chamber safety. The problem

is that gases heat up when compressed, and sudden opening of a valve

allowing an oxygen mixture to compress in the pipes can cause an explosion.

A different but related hazard is the gas flow through a filter or muffler

in the air supply. If the air is produced by an oil-lubricated compressor

some oil may collect on the filter or muffler and be ignitied by compression

or sparks generated by flowing gas.

FirePreventioninHyperbaricChambers (cont'd)
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Fire Prevention in Hyperbaric Chambers Page 3

Incredulous as it may seem, a major source of chamber fires has
been smoking. This is less of a hazard now than before the risks were
widely known, but constant attention still need to be given to its
prevention.

Z. The chamber atmosphere

The primary factor that makes a diving or hyperbaric chamber a fire

risk is the increased combustion due to the enriched oxygen atmosphere. An
"enriched oxygen atmosphere" is one which has either a partial pressure or
oxygen percentage greater then those of air at sea level pressure. Thus
compressed air is an enriched atmosphere as far as fire is concerned.

Burning rates (determined in a laboratory with paper strips) when the
pressure is equivalent to 75 fsw is twice that of sea level air, and it is
Z.5 times as fast at 165 fsw.

A still worse situation ensues when the gas mixture in the chamber
also has an increased percentage (i.e., fraction) of oxygen. These
relationships are complex and non-linear, but show a consistent trend toward
faster burning with increased oxygen percentage, or with an increasing
pressure at the same oxygen percentage; these relationships are shown in
Figure 1. The nature of the background gas is important, too, with helium
causing higher ignition temperatures to be necessary but allowing faster
burning.

Figure 1 about here. This is Fig.
VIII-12 in the U/W Handbook, p. 655.
Title: Burning rates of paper
strips in N2-02 miixtures. Caption:
The curves show the relationship of
partial pressures and percentages
of oxygen, using empirically
determined rates of burning of
filter paper strips in various
mixtures, with derived rates

(vertical bars) at various partial

pressures. ]

Because of the greatly increased risk when oxygen is added to
compressed air, it is now considered essential to use an "overboard dump"

for exhaled gas when divers are breathing oxygen by mask during a
decompression or treatment. This is a device to vent the exhaled oxygen to
the outside of the chamber. It is also considered acceptable if a low
oxygen level can be maintained by ventilating or purging the chamber with
air, but this is a losing proposition from the start since the gas use for
purging (air) is itself fairly rich in oxygen. It takes high flows ¢o keep
the oxygen below an accepted limit of 23_, and these are accompanied by
excessive noise and compressor wear and tear.

One helpful aspect of atmosphere management in fire safety is the
"zone of no combustion. _ While changes in pressure at a constant oxygen
percentage affect burning rate, the mope prominent effect is when changes
in the percentage of oxygen. The result is that there is a "zone" of

pressure and oxygen percentage that provides adequate oxygen for respiration
but that will not support combustion.7, 8 This is illustrated in Figure Z.

Fire Prevention in Hyperbaric Chambers (cont'd)
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An important consequence of the zone of no combustion is that the chamber

environment in most saturation dives is fire safe except in the latter

stages of decompression. It also allows for controlled combustion such as

welding to be performed safely at pressure. Along with the zone where no

combustion is possible is a broad zone of incomplete or reduced combustion.

The zones of partial and noncombustion can be used operationally (as in

welding), but care must be taken that the mixtures are correct, and

particularly that all personnel are well acquainted with the fire risk and

that discipline is maintained when the safe conditions do not prevail.

[Figure 2 about here. The same as

Fig. 16-4 in the second Edition, but

the one used as VIII-t5 in the U/W

Handbook has better graphics. The

caption of 16-4 is good as it is.

Title: Combustion rates in 02-N2

mixtures showing the zone of no

combustion.]

3. Materials

The third element required to make a fire is fuel, something to

burn. Chamber fire safety requires that all combustible materials be kept

to a minimum, and that where possible materials be used that are not

flammable in enriched oxygen. Some materials regarded as "non-flammable"

in air will burn in a high oxygen mixture, so it is best to rely on

materials known to be safe or relatively safe in oxygen.

Metals (unless finely divided) are safe, as are ceramics. For wiring

insulation TFE (Teflon) is probably the best all around material, but there

are mineral insulations and fiberglass as well, and some hard plastics like

bakelite (sp?) and Melmac are usable in some circumstances. Some

fluroine-based elastomers are relatively safe in high oxygen mixtures,

but their properties are poor and they are expensive. For clothing the

popular choice is Durette, but Nomex is virtually as good. Beta fiberglass

is suitably flameproof but has undesirable wearing properties. 9

These materials were selected and tested some years ago, and where

special needs exist some of the more modern polymers may be superior, but

there is little research literature available. At the design stage of a

hyperbaric facility or chamber system the best approach is to consult

someone experienced in this technology.

While design is important, even the well-designed chamber needs to

be used properly to be safe. Good housekeeping is mandatory; all loose

clothing, papers, and other flammable materials must be stowed, preferably

in metal boxes, or removed from a chamber when out of the fire safe zone.

Particularly important are fuzzy or powder or finely divided materials, and

flammable liquids and gases.

One gas that may come into use in diving but that cannot be removed

at certain times is hydrogen. This gas is being explored for deep diving

because of its physiological properties (mainly low density resulting in low

breathing resistance). Hydrogen can be used without danger of explosion (one

it is properly mixed) when a mixture contains less than 5% oxygen,

FirePreventioninHyperbaricChambers (cont'd)
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making it suitable for diving deeper than 100 fsw or so where such a mix

would have a breathable PO2. Most safety problems with hydrogen as a

diving gas are in handling and mixing it.

4. Dealing with a Fire

The preceding sections deal with preventing a chamber fire. Another

component of fire safety requires that the people involved are able to deal

with a fire once it starts. Although some past chamber fires have spread

rapidly, many others (most of which never make it into the literature) have

been extinguished without loss of life. 10 It is well worth the preparation

needed to be able to control a chamber fire.

a. Detection

Numerous fire detection mechanisms are available for routine fire

protection. Many of these systems are usable in a pressure chamber,

particularly ones operating at the low pressures used with-compressed air.

The detection mechanisms most suitable for chamber use are those with

infrared or ultraviolet sensors. Ionization or smoke detectors may also be

of value.

There are two problems with fire detection systems, false alarms

and failure to detect a fire quickly enough. Any detection system needs

to be thoroughly studied in light of the uses and needs of the particular

installation. In particular, it should be decided whether it activates an

alarm or a deluge system when a fire is detected. Most experts feel, for

example, that a clinical hyperbaric chamber treating patients with open

wounds should have an alarm system only rather than one that automatically

deluges the chamber; a preferred approach is to have both a hand-held

directable fire hose inside, and switches to activate a general deluge

system easily available to both chamber occupants and the topside crew.

Whatever system is used it should be thoroughly tested on installation and

periodically checked therafter.

The best protection is an alert crew backed up by detectors. During

certain welding operations in compressed air the only dependable detection

system is another person standing by watching the operation. For a couple

of reasons this system works better if the fire watch is inside the chamber

rather than relying on what he or she can see through a viewport. 2

b. Fire extinguishment

[Sect. 16.3.5 ok as it is, with changes:

1. Delete short paragraph beginning "The mode
of . o ."

2. Three lines from end add after "chamber':

"; lights must of course remain on"

c. Breathing masks

Most fire fatalities are due to smoke inhalation rather than actual

burns, and this no doubt applies to chamber conditions as well.

FirePreventioninHyperbaricChambers (cont'd)
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Accordingly, the first thing the occupants of a chamber with a fire should

do unless immediate escape is possible is to don a breathing mask. The

masks should be handy, and should have a breathable gas on line or be

controllable by the occupants at all times.

d. Escape

If it is possible for occupants to flee quickly to another chamber

or lock that can be sealed off from the fire, this is the preferred method

rather than going on mask and trying to extinguish it. In an underwater

welding chamber this might involve escape into the sea, in which case

breathing and thermal requirements must somehow be met.

5. Summary of fire protection procedures

[First 6 points of %6.3.6 are ok. Continuing:]

w The extinguishing system should involve a water deluge spray

that can be activated by either occupants or topside operators,

and a hand fire hose that can be controlled and directed by the

chamber occupants.

w A detection system should warn when a fire has started,

and when appropriate should activate the water deluge spray.

• A mask with an appropriate gas that can be immediately put

on line should be available for each chamber occupant.

• Where escape to another chamber or directly into the sea is

possible this should be a primary option in the operations plan.

6. References

[Details to follow in next mail]

1. Davies and Hunt, 76.

2. Hamilton, Schmidt, Reimers, CADC2, 1983.

3, Some design handbooks (can SDR supply the latest?)

4, Shilling, et al. 1976, pp 646-664.

5. RWH has book on intrinsic safety.

6. Anybody got anything on explosion proofing?

7. Cook, Meierer, Shields, 1968.

8. Rodwell, Moulton, 1985.

9. Dorr, lg71a.

10. NFPA 53M, 1979.
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Sec_on 16

16.3 FIRE PREVENTION

The key to fire prevention in hyperbaric chambers is

the elimination of any material that can burn or cause

a spark. For this reason divers, patients and attendants

should wear fire.retardant dothin_ and remove any

•articles that might cause high k_els of static electricity

or sparks. Shoes, along with any clothing that is

gremy, must be removed prior to entering the chain.

bet. Other items presenting potential fire hazards in-

dude: watches, rings, jewelry, jackets, and other arti.

des of clothing that have metal bunons or zippers.

16.3.1 Ignition
Possible sources of ignition in a hyperbaric en-

vironment are:

• Sparks--electrostatic sparks; frictional or impact

sparks; sparks or arcs caused by interrupzing the
flow of eiectric curr_ts

• Hot surfaces--heating by shear, rates; heating of

wires by elecwicity; incandescent carbon wear

particles from electric motor brushes; friction

• Hot g_ flames and shock waves; adiabatic

compression

The most probable source of ignition in a hyperbaric

chamber is its elecu-ical system. MaH-anctious in such

systmm often supply the heat necessary to ignite
flammable materials.

Electric motors, such as the type used in scrubbers

or fans, are potentially more hazardous than short-

lived sparks. Locked or jammed rotors may cause
sufficient overheating to start a chamber _re.

Sparks _merated by occupants may possess suJfcient

enerSy to i_nite combustible gases and powders in
both air and oxygen, but these sparks have a very

low probability of igniting solid materials such as

cotton or nylon. Appropriate procedures should be

followed, nevertheless, to minimize the Likelihood of

smdc spark generation by either personnel or equip
merit. Electrostatic sparks may be avoided to a large

extent by having as many materials as possible con-

duct electricity, and keeping the humidity high.

The Navy Clothing and Textile Research Unit has

developed clothing and texdles for use in oxygen-
enriched atmospheres. These items were selected based
on results of extensive tests of the flame-retarchmt

ability of more than I00 matexiale. As a result of
these tests, the Navy concluded that a commercial

fabric, Durette, is the best material to use in flame-

retardant clotl_ing (Higgin_ttum and Silvia 19_).
Durette fabrics are used in mattresses, sheets, towels,

16-10 Fire Prevention

Figure 16-4
Combustion Rates
of Paper Strips in Mixtures of N: and O,
as a Function of Pressure and Gas Composition
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Combustion zones are defined by solid lines and normal
respiration by dashed lines. The area A-D-E is compatible
with respiration but is in the zone of non-combustion

(Cook, D_rr, and Shields 1968)

d

and most types of clothing required in decompression

16.3.2 Combustion

The hazard presented by fire in a chamber filled

with compressed air increases as the air pressure in-
creases (to about 300 fsw) for two reasons:

• The higher the pressure, the greater the ease with
which combustible material ignites (see Figure

16-4)

• The higher the pressure, the greater the rate of
combustion

The risk of fire is not always increased in hyper-

baric environments; for example, this is not true in

saturation diving chambers. At high pressures, the

oxygen percentage in a mixture of oxygen and inert

gas normally is reduced to lessen the danger of oxygen
toxicity. This decrease in the oxygen percentage also

may render the atmosphere incapable of supporting
combustion. However, whether this fire-safe condition

exits must be calculated carefuliy.

16.3.3 Materials

When it is impractical to maintain the hyperbaric
environment within the region of non.combustion, and

NOAA Diving Manual
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Hyperbaric Chambers

Table 16-.3
Fire-Resistant
Materials

¢,mm_

Fobn¢

Fabric

Fabric

Paper

Electrical

Insula_on

Bect_cal

Insulation

Ma_ldai

Teflon-Coated Sma

Rberglas (4484)

Rbergk.
(419O0)

Teflon

Ourette

Ruore! 1071

Non-Flammable

pope,'(Oynamch)

Scheufelen Paper

_op_n

Teflon

Clmm Cmmmmtl

9 Teflon coating increases comfort and durobility.

9

8

7

6

8

9

9

9

8

Compielmty non-flammable under oil conditions: chief disodvontoge_ ore possible skin

irritation and low abrasion resistance (resulting in poor durability),

He_ty, low moisture regain, lock of weore¢ carmen..

Suitably flame resistant in compressed air; comfortable as clothing and t0ecldfng,

however, i$ not commercially available at present.

Available (at relatively high co_') and suitable for rose in compressed air in troThS of flame

resi_rtonce and comfort. Appears to be the best compromise choice of fabrlcz at this time.

$;gnlf;cofltfl/increases fire sofeW of breathing moslus and hoses.

Writing quality ;nferlor to $cheufelen paper.

Good choice for oil pol)er articles that are used in chamber.

G_neralty unavailable as ared_ulated wire

Teflon insulated wire commercially available: wires should always be enclosed in

additional mechanical p_on and should be protected from overheating.

if all possible sources of ignition within the chamber

cannot be eliminated with absolute certainty, materials

to be placed in the chamber should be selected care.

fully.

Recommendations for material applications in oxy-

gen-enriched hyperbaric chambers are given in Table

16--3: the class numbers in this table correspond to
those in Table 16--6.

16.3.4 Fire Detection

Because of the rapidity of fire development in

oxygen-enriched atmospheres and the consequent ex-
treme hazard, reliable detection techniques should be

mandatory. Detectors for this application should pro-

vide vo|ume surveillance and permit early and rapid

detection of incipient combustion as well as flame.
Table 16-5 indicates the various types of detectors

currently available for fire detection (Schmidt et al.

1973). In general, these detectors rely upon either the
temperature rise, radiation emission, or combustion

products of the flame process for activation. Certain of
these detectors, such as the overheat or rate-of-tem-

perature-rise detectors, are not acceptable for oxygen-
enriched environments because of their inherent slow

December 1979

response and limited volume coverage. Flame radiation,
ultraviolet (UV), and infrared (IR) sensors and smoke

detectors in combination appear to be ideally suited

for this application.

The chamber operator also should obtain special

sensors to detect the slower, smoking, smoldering type
of fire that can occur in environments where the

percentage of oxygen is reduced. Such sensors are now
available on the commercial market.

16.3.5 Fire Extinguishment
Fire extinguishment is accomplished by physical

or a combination of physical and chemical actions

involving four basic mechanisms:

• First, the combustible material can be cooled to a

temperature below that required for ignition or

the evolution of flammable vapors
• The second mechanism involves smothering the

fire by reducing the oxygen or fuel concentration

to a level that will not support combustion

• A third mechanism involves separating the furl

from the oxidizer by removing one or by me-

chanically separating the two. This is the major

Fire Prevention (cont'd) 16-11
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Section 16

Table 16-4
Scale of Fire
Restetan_

Clam_

CkmS.

Clms&

Cram 7.

(2real

Clms 9.

Burro readily in _r c,ralrn_l_eric premxe.
Hm on al)Wec_y high_ igni_n NNnpem_re c._l/_

bums at cmapwe_abiy k)wer rate in _r m 1 ma premimD
than conm_ dmh or i_per. A_. eammple of a Clcm I
mcmsdaiis wool

N_ or .setf-el_g_.lhing in air m 1 em

pe!_m.
Self-e_nguijhing or bwm _ in ";r m o prem_ of

1QOfern of m water (4.03 am).
Self-cm_nguishingor b_rm skinnyin air m a p_mm_e of
200 {_w (7.06 mob
S_f_ or bum* dowly in a mixture of 23
pc_cem oxygen and 75 t_m.em Nwagcm m a i_rw_;re of
Icm¢

S_f-mctinguilhing o¢ bunm _ in a rnim'ure of 30

Imram oxygen and 70 _ nitmg_ ma Immem of
] om_

Setf-cmfinguishiog or bums slc_vly in o mi_um Of 40
pmcm_ oxyc_mand 60 pefccm;nitm_lcmat a pre.um of
! ma.

Setf-wcfingu_ing o¢ burns sJowly in a mlxtum of 50

percent axygen and SOpercem nivrogcmat a pre.ute of
Ima.

Ncm-tlammable in 100 pe_ent c_ygen m a I:¢mswe of
iat_

of non-combustion. Use an overboard dump system

whenever pure oxygen is breathed by mask in a

chamber.

• Eliminate _tion sources.

• Minimize combustibles, with the complete exdu.

sion of flammable liquids and gases.

• If combustible materiak must be employed, the

type, quantity and arrangement in the chamber must

be carefully controlled.

• Firewalls and other containment techniques should

be util_ed to isolate high risk fire zones.

• A fixed fire extinguishing system should be uti-

lized that incorporates automatic initiation by flame

and smoke detectors as well as manual initiation, and

provides rapid and sufficient agent discharge.

An excellent source for additional information on

fire hazards related to hyperbaric chamber facilities

has been published by the National Fire Protection

Association in the form of a standard (1976).

mechanism of mechanical protein foam on jet fuel

fires and is often referred to as "bh=ksti_"
action

• A fourth mechanism involvet chemical inteder.

ence or inhibition of the reactions occurring in

the flame front or just before the flame front.

The mode of action and effectiveness of several

.._._,;_h;._ agents are shown in Tabk 16-6.

At the present time, the best fire extinguishing agent

for use in hyperbaric chambers is water. Water ex.

tinguishes primarily by cooling and works best if it

strikes the flame or wets the fire in spray form. The

pressure at the spray nozzle must be about 50 psi

above chamber pressure to produce the desired degree

of atomization and droplet velocities. Simultaneous

with the discharge of water, all electrica[ power to the

• chamber should be shut off to prevent shorting and

electrical shocks to personnel in the chamber. A manu-

ally directable fire hose will permit occupants of a

chamber to control small localized fires.

16.3.6 Summary of Fire Prevention
Procedures

A summary of fire prevention procedures follows:

• Maintain oxygen concentration and partial pres-

sure as low as possible, preferably within the re,on

16-12

16.4 CHAMBER MAINTENANCE
Proper care of a compression chamber requires both

routine and periodic m=i'_t*nanCe. _ e_eA'y use

or once a month, whichever comes first, the chamber

should be routinely maintained in accordance with

the Post-Dive Maintenance Checklist (see Table 16--7).

At this time, minor repairs may be made and used

supplies restocked. At least once a year, the chamber

should be inspected both outside and inside. Any

deposits of grease, dust or other dirt should be re-

moved and the a_ected areas repainted.

Only steel chambers are painted. Aluminum chain.

hers are normally a dull, uneven gray color and cor-

rosion can be recognized easily. Painting an almninum

chamber will hide and further encourage corrosion.

Corrosion products are best removed by hand-

sanding or by using a slender pointed tool, being care-

ful not to gouge or otherwise damage the base metal.

The corroded area and a small area around it should

then be cleaned to remove any remaining paint or

corrosion products. Steel chambers should then be

painted with a non-toxic, flame.retardant palnL If it

is not known whether the chamber has been painted

previously, an old paint should be removed and the

chamber repaintec_ as described above.

Upon installation and at five-year intervals there-

after, chambers should he pressure tested. The date

of every inspection and pressure test must be noted

in a conspicuous location on the outside of the

chamber's shell near the hatch ring. Notations should

Fire Prevention (eont'd) NOAA Diving ManuaJ
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ABSTRACT

Hyperbaric medicine is rapidly becoming an established therapy modality.

However, hyperbaric chambers present their operators with a complex set of

structural, functional and procedural considerations which must be properly

managed if acceptable levels of operational safety are to be achieved. The

major considerations are (1) structural integrity, (2) atmospheric control,

(3) mask breathing system performance, (4) fire safety, (5) system safety,

(6) crew qualifications and (7) operational procedures. The principal

factors affecting each area are discussed along with the operational pro-

cedures and principles which have been found necessary to achieve safe,

trouble-free chamber operation.
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INTRODUCTION

Hyperbaric medicine is rapidly becoming an established therapy modality.

However, hyperbaric chambers present their operators with a complex set of

structural, functional and procedural considerations which must be properly

managed if acceptable levels of operational safety are to be achieved. Indeed,

some people regard hyperbaric chambers as potential bombs waiting for the correct

set of miscues to set them off. To be sure, hyperbaric chambers

have seen their share of accidents. However, technology advances by learning

what does not work as well as by learning what does work. Thanks largely to

past misfortunes, there exists today a body of well established principles in

the design, installation and operation of hyperbaric chambers which, if followed,

will provide a level of operational safety quite sufficient to satisfy even

the most skeptical observer. With respect to clinical hyperbaric chambers,

the major considerations are (1) structural integrity, (2) atmospheric control,

(3) mask breathing system performance, (4) fire safety, (5) system safety,

(6) crew qualifications and (7) operational procedures. Those considerations

are the subject of this paper. Note, however, that chambers used in support

of diving operations are subject to additional considerations which are beyond

the scope of this paper.

OperationalSafetyin ClinicalHyperbaricChambers (cont'd)

395



RELEVANT CODES AND STANDARDS

The principal codes and standards affecting clinical hyperbaric chambers

are the following:

National Fire Protection Association (NFPA)

NFPA 56D: Hyperbaric Facilities

FFPA 53M: Fire Hazards in Oxygen-Enriched Atmospheres

American Society of Mechanical Enqineers (ASME)

PVHO-I: Safety Standard for Pressure Vessels for Human Occupancy

Boiler and Pressure Vessel Code

Section VIII, Division I: Pressure Vessels

Naval Facilities Command (NAVFAC)

DM-3g: Design Manual, Hyperbaric facilities

A third ASME document, PVHO-2 "Piping Systems for Pressure Vessels for Human

Occupancy" is in preparation. However, it is not expected to be through the

necessary approval cycles until sometime in 1984.

Of the documents listed above, the most important one in most non-military

chamber installations is NFPA 56D. It is not a large document, and all chamber

operators and facility supervisors should become thoroughly familiar with its

contents.
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STRUCTURAL INTEGRITY

The purpose of a hyperbaric chamber is to permit the exposure of patients

to pressures that are in excess of normal atmospheric pressures. Loss of

vessel structural integrity can result in a very rapid loss of pressure in

the vessel. Depending on the rate of pressure loss and the original pressure

exposures of the occupants, severe injuries such as pneumothorax, gas embolism

and compression sickness can occur.

Most chambers constructed in recent years have been built to the require-

ments of the ASME Boiler and Pressure Vessel Code as amplified by ANSI/ASME

PVHO-I. Vessels built to that standard are quality vessels that can be

expected to give good service as long as due attention is given to necessary

maintenance. There are also many vessels in service which were built before

the appearance of ANSI/ASME PVHO-I. These vessels can normally be continued

in service as long as the window designs employed meet the requirements of PVHO-1

or other recognized standards. However, any chamber using acrylic plastic

windows which were built before 1978 should have the window designs checked

for conformance with ANSI/ASME PVHO-I.

The windows in human occupancy pressure vessels are normally made from

acrylic plastic. Acrylic is preferred because it is easily formed and it

normally gives ample warning of any impending failures. However, acrylic

plastic is susceptible to attack by several chemicals commonly found in hospital

environments. Experimental work on the tolerance of acrylic plastic windows

to common hospital chemicals is still in progress. Table 1 lists presently

available data. Alcohol based solutions have been found to be much more

troublesome than water-based solutions and should be avoided. In Table 1,

for example, alcohol-based Lysol spray attacks acrylic whereas a water-based

Lysol solution does not. As a matter of operation of procedure, all chemicals

except mild soaps mixed with water should be considered potentially harmful

to acrylic plastic unless evidence to the contrary is available.

Acrylic plastic is also subject to damage due to excessive heat and nuclear

radiation. Heat damage is easily avoided by keeping heat sources such as

powerful lamps well removed from the windows. Many monoplace hyperbaric cham-

bers, however, are used in conjunction with radiation therapy. That is one

OperationalSafetyinClinicalHyperbaricChambers (cont'd)
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of the reasons for which they were originally developed. Radiation damage

is cumulative, but is predictable and occurs slowly. Most monoplace chamber

manufacturers now give a radiation exposure limit for their windows. As long

as these exposure limits are observedl the chambers can be used quite safely.

Acceptable

Tergisyl

Lysol
Sani-Bactol

Amphyl

O-Syl

Sani Jet Spray
Cidex

1:100 water solution

1:100 water solution

1:100 water solution

1:128 water solution

1:128 water solution

(As received)

(As received)

Not Acceptable

Viro-Tec Spray

Staphene Spray

Lysol Spray

Amphyl Spray

Mikro-Quat

Vesphene

Ethyl alcohol
Windex

Chlorothene Spray

EPA Registration No. 11525-30-36171

American Hospitex, Div. of American Hospital

Supply Corp., McGraw Park, IL 60085

EPA Registration No. 1043-1g-AA_ Vestal

Laboratories, Chemical Corp., St. Louis,
Missouri, 63110

EPA Registration No. 777-20-AA, Lehn and

Fink Products Div. of Sterling Drug Inc.,
Montvale, NJ, 07645

EPA Registration No. 665-25, Lehn and Fink

Products of Sterling Drug Inc., Montvale, NJ 07645

(As received)

(as received)

(98 percent)

(As received)

Table 1

Cleans/Disinfectants Which Have Been Found Acceptable and Unaccept-
able for Use Where They May Come in Contact With Acrylic Plastic

Pressure Vessel Windows. Unacceptable agents initiate stress crazing/

cracking of acrylic plastic windows and must not be permitted in

contact with acrylic plastic windows.
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ATMOSPHERIC CONTROL

Atmospheric control is a general term used to describe the creation and

maintenance of a safe atmosphere inside the chamber. Contamination of that

atmosphere is possible with products carried in with the pressurization gas,

by pollutants carried into the chamber by using personnel and by fire within

the chamber.

A hyperbaric chamber is pressurized by one of three methods: compressed

gas provided directly from a compressor, compressed gas from a pressurized accumu-

lator or gas from a cryogenic supply system supplied through a suitable vaporizer.

Monoplace chambers are usually pressurized from either gas stored in an

accumulator or from a central cryogenic supply system. Large multiplace cham-

bers are usually pressurized by compressed air from a compressor supplied

through a large accumulator that acts as a buffer in the event of compressor

failure or less of electrical power.

The pressurization air, regardless of the source, should be periodically

checked for composition and purity. See Table 2. Gas supplied from central

cryogenic supply systems are generally free of contaminants. However, liquid

supply tankers have been known to inadvertently put liquid nitrogen into

a liquid oxygen storage tank.

Gas supplied from compressors will normally have adequate oxygen. However,

it is subject to possible pollution from several sources. The first potential

source is pollution in the intake air. This is normally avoided by locating

the compressor intakes in areas well removed from areas where atmospheric

pollution is likely to occur such as areas near engine exhausts, sewage manholes,

potentially leaky gas mains and locations where toxic or noxious gases may be

released. Further protection from intake pollution can be provided with

suitable absorbers. The second potential source of pollution is the compressor

itself. Compressors used for handling medical gases are normally required by

Codes to be of a type that does not permit contact between the gas being com-

pressed and the compressor lubricating oils. However, this requirement is not

universally observed. Where "oil lubricated" compressors are used, special

care must be taken to prevent oil carry-over into the output gas and to

prevent the partial oxidation of such oils with the resultant production of

carbon monoxide in the event of a compressor overtemperature incident. The
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third source of intake air pollution is the piping system. This system must

be thoroughly cleaned of all oil, grease and loose particulate matter before being

placed in service. Clearly, many types of intake pollution can occur, but the

_robabilities are usually very low. Monitoring methods and frequency must, therefore,

be tailored to the specific conditions most likely to occur in each situation.

Contamination of the chamber atmosphere from within is possible by

several means. C02 from the occupants must be somehowremoved. ChamberC02

levels should not be allowed to exceed a partial pressure equivalent to a 1.5_
concentration at surface pressure (11.4 mmHg). In a ventilated chamber,

C02 control can be maintained by ventilating the chamberat a rate equivalent

to 4 cubic feet per minute at depth pressure per occupant. In non-ventilated

chambers, C02control is effected by circulating the chamberatmosphere through

a suitable bed of C02 absorbent chemicals. Note, however, that in non-

ventilated chambersattention must also be paid to the oxygen level, especially
during prolonged periods of air breathing. Anoxia is not usually a threat in

clinical chambers since the oxygen concentration is usually elevated. However,

it is also insidious and deadly. Thus, the operational team must be aware

of its possibility, especially if there exists a possibility of flooding the

chamber with an inert gas. Contamination from within is also possible from

chemicals or volatile medicines which may be deliberately or inadvertently

introduced into the chamber. There have been several cases of atmospheric

contamination due to bottles of freon cleaning solutions inadvertently left

inside of chambers. There is also one known case of paraldehyde poisoning

due to a paraldehyde vile which crushed in a physician's case during pressuriza-

tion. One chemical that should be banned from any chamber installation

is trichoroethylene which is a common cleaning agent. In its normal form,

it is relatively harmless. However, it can break down on contact with common

C02 absorbent chemicals to form highly toxic dichloroacetylene. Contamination

from within can easily be prevented. However, doing so requires constant

attention to all items which may be introduced into the chamber either delib-

erately or accidentally. Consideration should also be given to the manage-

ment of any noxious odors that may be encountered.
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Temperature control in a clinical hyperbaric is not generally a safety

related item. Nonetheless, care must be taken to keep the patients comfort-

able, especially during pressurization and depressurization. Humidity control

is another matter. Relative humidity levels below about 50% promote the

formation of static electricity. Very high humidity levels are uncomfort-

able and can produce a thick fog in the chamber during depressurization.

Both extremes should be avoided.
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Contaminant

Oxygen concentration

Carbon dioxide

Carbon monoxide

Gaseous hydrocarbons

(e.g., methane, ethane)

Halogenated solvents

Oil and particulate
matter

Total water

Odor

Maximum Level

20 to 22% by volume

0.05% by volume (500 ppm)

0.001% by volume (10 ppm)

0.0025% by volume (25 ppm)

0.00002% by volume (0.2 ppm)

0.005 mg/liter, weight/volume

0.3 mg/liter, weight/volume

None

TABLE 2

Maximum levels for contaminants in

air supplied to hyperbaric chambers.

(Adapted from Hamilton and Sheffield (6)0
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MASK BREATHING SYSTEM PERFORMANCE

A reliable mask breathing system, often referred to as a BIBS system

or "Built-in Breathing System", is an essential part of a multiplace chamber.

It provides a safe and secure source of breathing gas in the event that

contamination of the chamber atmosphere is suspected. Also, since for fire

safety reasons the oxygen content of the chamber atmosphere must be no more

than about 23% by volume, oxygen delivery to patients must be by means of

masks or hoods. These masks or hoods are normally supplied from the mask

breathing system as are the masks used to supply oxygen to the inside medical

attendants when required for decompression purposes. The number of available

masks in a chamber must always be equal to a greater than the number of occu-

pants and any masks routinely used for oxygen breathing should be fitted with

an overboard dump system which directs the exhaled gases out of the chamber.

The supply system for the masks must contain adequate reserves of oxygen,

compressed air, and, when appropriate, other mixed gases. In the event of

activation of the chamber fire suppression system, the supply system should

automatically switch from oxygen to compressed air or another suitable mixed

gas.

For effective oxygen therapy, it is essential that the masks fit well.

A properly fitted anesthesia or aviator's mask will deliver essentially 100%

oxygen to the patient. However, other types of hospital masks may deliver

only about 40% to 80% oxygen (g). The difference is often enough to render a

treatment ineffective. Masks must also be comfortable. For patients who

cannot tolerate masks, there are several types of hoods that can e used

to achieve the same effect. Note, however, that hood arrangements require

careful attention to C02 removal and the prevention of excessive humidity

accumulation. Masks often have the opposite humidity problem; the nearly

complete absence thereof. To avoid potential respiratory irritations due to

airway dehydration, the oxygen supply to masks should be humidified.

Monoplace chambers are generally not equipped with a mask breathing

system since the chamber atmosphere is normally pure oxygen and the fire

safety precautions that are required virtually preclude the possibility of

atmospheric contamination.
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FIRE SAFETY

In clinical applications fire in the chamber is, without question, the

most significant operational hazard. Fire in an enclosed space can be an

awesome event even at one atmosphere. Add pressure and extra oxygen and the

hazard potential increases still further.

Between 1962 and 1970, there were nine known fires (seven fatal) in

hypobaric and hyperbaric chambers. As a result, strict fire safety guide-

lines were developed and promulgated through the vehicle of the NFPA 56D Code.

The early editions of that Code were so strict that compliance with their

provisions nearly prevented useful operations. However, the 1982 edition of

that Code has been extensively revised. It is still rather intimidating on

initial examination. Nonetheless, it is now compatible with practical opera-

tions at reasonable cost. The author has designed three clinical systems where

NFPA 56D was the governing Code. Compliance with the provision of NFPA 56D

in these systems proved to be neither particularly difficult nor outrageously

expensive. The biggest__problems are becoming familiar with the rules and

getting used to the idea that they must be followed.

The fire safety record of clinical hyperbaric chambers since 1970 is

excellent. The author is aware of only one non-injury producing fire since

that time. However, just as one does not smoke while filling the gasoline tank of

one's automobile, there are certain precautions in hyperbaric chambers that simply

must be understood and adhered to. Fire safety is a matter of both taking all

practical preventive measures and establishing a practical fire management

procedure to be used in the event that a fire should occur. Figure 1 shows the

classic fire triangle and the preventive measures associated with each of the

three elements. Figure 2 shows a "fire management triangle" and the management

methods normally used.

The principal purpose of a clinical hyperbaric chamber is usually the

administration of oxygen at elevated pressure. In multiplace chambers, this

is accomplished with the patients breathing 100% oxygen by mask while the

chamber itself is filled with air. In monoplace chambers, this is usually

accomplished by filling the entire chamber with 100% oxygen. Consequently,

the fire safety considerations in the two situations are substantially different.
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Multiplace Chambers

Combustion rates increase rapidly with rising oxygen concentrations (12),

and oxygen leakage rate the chamber atmosphere from the patient masks is

inevitable. Consequently, the oxygen concentration in the chamber must be

constantly monitored and should be kept below 23% by ventilation with either

air or pure nitrogen. Oxygen concentrations above 25% warrant securing the

oxygen supply to the chamber until the cause of the leak can be found.

Combustible materials must be restricted to the bare essentials. The

complete combustion of as little as one pound of celluloid type material can

raise the temperature in a medium sized chamber several hundred degrees.

Greases and oils must be special types approved for use in oxygen service

and then used only where necessary. Patient garments and linens should be

of a fire retardant material such as Durette. Combustible medical necessities

should be kept in metal containers, always vented lest they crush on pressuri-

zation of the chamber, until needed for use. Potentially volatile or flammable

liquids such as alcohol should not be permitted in the chamber except in

very controlled circumstances and in very small amounts. Note, however,

that fire safety rules should not be so rigid as to keep needed medical supplies

out of the chamber. With adequate planning and preparation, almost any

needed material or equipment can be taken into the chamber without compromisi'ng

necessary fire safety.

Potential ignition sources must be reduced to an absolute minimum. Matches,

cigarette lighters and any items likely to generate sparks must be excluded

from the chambers. Communication equipment should be fitted with intrinsi-

cally safe isolation amplifiers so that the energy levels deliverable to the

components inside the chamber are not high enough to produce sparks. Elec-

trical power items such as motors should be avoided. If necessary, however,

they can be used with suitable precautions such as ground fault sensing circuit

interrupters and inert gas purging of all components. Static electricity

generation can be avoided by careful material selection and by keeping the

relative humidity level above 50%.

Fire detection may be manual or automatic methods. When automatic

methods are used, due regard must be given to false alarm prevention. Pouring

stale water on a critically ill patient is not likely to improve his condition.

When manual methods are used, care must be taken to ensure coverage; e.g., that

someone is always watching.

Operational Safety in Clinical Hyperbaric Chambers (cont'd)
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The only currently accepted extinguishment methods consist of pressurized

water supplied by a built in deluge system augmented with hand-held hoses.

Care should be taken to not block the deluge nozzles and to keep the water

in the system clean. Extinguishment systems should also be periodically

exercised. It is foolish to expect a high performance water deluge system

to sit undisturbed for several years and then function perfectly on amoment's

notice.

Effective management consists of avoiding injury due to the effects of

a fire even if it is one the deluge system successfully extinguished.

Breathing masks must be available for immediate use and some procedure for escape

to the exterior or to another chamber should be established in advance.

Particular care should be given to the prevention and detection of com-

bustible atmospheres in the chamber. Such atmospheres can be created by

spilling volatile chemicals inside the chamber, pollution of compressor

intake air or by the slow heating of celluloid type materials (such as occurs

if a cotton shirt is placed over a light bulb). Such atmospheres are diffi-

cult to produce, even when on purpose. However, if ever produced, they repre-

sent a fire hazard that is not likely to be manageable even with a very good

suppression system.

Monoplace Chambers

In monoplace chambers, a 100% oxygen atmosphere is usually a standard

operational condition. Thus, oxygen level control is meaningless and fire

suppression is impractical. Fires occurring in pure oxygen environments cannot

be readily extinguished. Some combustibles are also always present in the

forms of patient garments and a mattress. Consequently, the only effective

fire safety technique is to absolutely eliminate all ignition sources. This

is usually possible in monoplace chambers without hampering their use, and

monoplace chambers today have an excellent fire safety record.

When pure oxygen is used, however, the fire hazard does not end when the

chamber door is opened. The patient's garments and bedding that have been

exposed to oxygen under pressure will still be saturated with oxygen after

the chamber is decompressurized and the patient moved back out into the room.

Oxygen saturated fabrics ignite easily and burn quickly. Consequently, such

fabrics must be treated with extreme care until the trapped oxygen has had

time to diffuse out and be replaced with room air. The one fire since 1970

referenced previously involved the apparent spontaneous combustion of an

oxygen saturated mattress that had just been removed from a monoplace chamber.

OperationalSafetyinClinicalHyperbaricChambers (cont'd)

406



SYSTEM SAFETY

System safety is a term used to refer to the ability of the chamber and

its support systems to continue to provide essential services in the event

of one or more component failures and to the arrangement of the operator

controls. System safety is not always as well appreciated as it should be

and is one of the areas that should be examined closely in both existing and

proposed facilities, especially when a supplier comes in with an unusually

low price. Some of the more important aspects of system safety design are:

Operator controls that are clearly labeled, sensibly placed,

and organized so that they do not promote operational errors.

Two divers died of compression hyperthermia in an offshore system

because the pressure gauge that the system operator was monitoring

was not connected to the chamber he was pressurizing.

Single failure points should be minimized. The mask breathing

systems and pressurization supply systems should be able to complete

a treatment despite the malfunction of any one component, compressor

or supply bank.

Essential controls and monitors should be provided with emergency

power sources for use in the event of loss of normal mains power and

the transfer from normal to emergency power should be automatic.

• The chamber exhaust and exhaust from relief valves should be piped

outdoors so that opening an exhaust or relief valve does not over

pressurize the surrounding room. An operator of a hypobaric chamber

(altitude chamber) on a test dive once opened the emergency compression

(return to surface) valve just to try it out. The valve worked

fine. However, the operator emerged from the chamber to find his

laboratory collapsed inward onto his chamber.

• The system operators must understand their facility and be well

trained in emergency procedures.

• System maintenance should be performed in a planned manner.

OperationalSafetyinClinicalHyperbaricChambers (cont'd)
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CREW QUALIFICATIONS

Like any piece of medical equipment, a hyperbaric chamber should only

be operated by fully-qualified personnel. Chamber operators must be

knowledgeable in all pertinent operational and safety requirements and should

be required to demonstrate that knowledge. Physicians and inside medical

attendants should also be trained in the medical aspects of diving as

well as chamber operating and emergency procedures. Emergency response drills

should be carried out on a scheduled basis. A number of major emergencies

have been caused by improper responses to what would otherwise have been

relatively minor problems. No matter how well designed a chamber system is,

a lack of crew proficiency can result in serious danger to the inside occu-

pants and operating personnel.

OperationalSafetyinClinicalHyperbaricChambers (cont'd)
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OPERATIONAL PROCEDURES

There is no room for procedural sloppiness in the operation of a

hyperbaric chamber. Clearly defined supervision is essential. The chamber

supervisor must ensure that all personnel understand their assignments and

are proficient in them, that repairs and maintenance are performed as required

and are duly recorded in an equipment log and that an accurate operational

log is maintained. Wherever possible, operational history data for the

operational log should be gathered with automatic methods such as pressure

recorders, etc. In any accident investigation, the operational log is a

critical item. However, one of the first effects of most emergencies is

that the log keeper, who usually also has other responsibilities, is distracted

by higher priority responsibilities and entries into the log cease at the time

when they are most needed. The supervisor should also ensure that a complete

operations manual and written emergency procedures are available in a location

where they can be referred to quickly. Treatment schedules and responses

to all likely attendant medical emergencies should be established in

advance of any treatment dives.

Patient handling procedures must also be carefully planned. Many cham-

ber interiors are cramped. Also many patients now being treated with HBO

are not ambulatory and must be assisted by chamber personnel. Moving litter

patients into and out of a cramped hyperbaric chamber requires careful planning

if lifting related injuries to chamber personnel are to be avoided. IV set-ups

must also be carefully handled so that they do not run or ingest air as a result

of changes in chamber pressure.

OperationalSafetyinClinicalHyperbaric Chambers (cont'd)
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SUMMARY

Clinical hyperbaric chambers have achieved a very fine safety record

over the past several years. Hyperbaric medicine can be both safe and

effective. However, the following considerations must be kept in mind.

1. Hyperbaric chamber installation, operation and safety are

highly complex, expensive and require careful planning.

. The use of shortcuts to operate a hyperbaric chamber with sub-

standard, low-cost materials or without adequate system safety

designs is dangerous and should not be permitted.

3. Attempts to operate a hyperbaric chamber without a well-trained

and experienced crew invite disaster and should never be made.

4. Safe chamber operation requires:

• A physical plant that is designed, built and maintained in

accordance with accepted principles

• operating and emergency procedures that are understood and

adhered to

• a trained and experienced crew that understands all aspects

of proper patient selection, decompression procedures and

chamber safety

Operational Safety inClinicalHyperbaric Chambers (cont'd)
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1991 September 24

CARBON DIOXIDE: THE REAL HAZARDS

Opinion by R. W. Hamilton

Because carbon dioxide is a. candidate for the extinguishing agent to be used on Space
Station Freedom, it is pertinent to review the physiology of this gas as a toxic agent. This in no way
is intended to indicate my support for this choice, because I do not know the issues well enough at
this point to make a decision. What I do know is that the toxicity of CO2 is often poorly
understood, and a fair choice can be made only if the basic facts are generally known.

The physiology of carbon dioxide is exquisitely complex at the tissue level; this gas is a
hormone as well as a metabolite. It has been around throughout evolution, and the body is well
equipped to deal with it. While an imbalance of CO2 can be disturbing to cellular function,
respiration, brain function, and even digestion, among others, most of these effects are easily and
completely reversible if exposure is for only a short time. The situation here suggests that a short
exposure--a few to many minutes--is what should be expected, and this memo addresses that.

Toxic limits

Because C02 is relatively easy to detect, even easier to remove or "scrub," and apt to be
troublesome when it builds up for a diver, gas purity standards allow relatively low levels of CO2
in breathing gas. The limit often set is 0.5% by volume at sea level. This is a practical limit and
one easy to attain, but it may create an impression that levels a little higher than this are toxic; in
fact, much higher levels than this can be tolerated without serious consequences.

COz is an asphyxiant

The most hazardous property of CO2 is as an asphyxiant. Because it is heavier than air and
can collect in low places and thus exclude oxygen, it is frequently fatal to people falling down into
a concentration of CO2. Asphyxia, from whatever cause, implies a deficit of oxygen, and this is
surely the fatal element in almost all cases.

Pooling of a dense gas is not likely to be a problem in microgravity, but pockets that do
develop might be very slow to diffuse unless there is forced convection.

Unconsciousness in working divers

CO2 can cause unconsciousness in divers doing hard work, especially if there are restrictions
to breathing. This is especially true for certain individuals whose respiratory response to CO., is
abnormally low. The consequences for a diver, of course, can be serious or fatal due to drowning.

Respiratory stimulation

The only way CO2--which is generated by metabolism--can be reduced in the arterial
blood or eliminated from the body is by means of ventilation of the lungs (i.e., breathing). CO2
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builds up when respiration is reduced, and is lowered when ventilation is increased beyond the level
commensurate with the current metabolic rate or activity level. Thus the body's physiology
regulates CO2 by controlling alveolar ventilation.

As ambient CO2 is increased in individuals without breathing restriction, a linear increase
in ventilation volume (above a threshold) is normally seen with increases in end-expiratory or
arterial PCO2. At somewhere between 1 and 2% at sea level, which is a partial pressure of 1 to 2
kPa, most people will be aware of an increased desire to breathe. At 3 kPa (or 3 percent) up to
about 5 kPa (5 percent at sea level) most individuals will begin to notice labored breathing and an
increase in respiratory minute volume. At 5 kPa (5%; the reader should be weaned from
percentages now) it begins to get uncomfortable but can be endured indefinitely.

Carbon dioxide is the primary stimulant to normal respiration and the main element in the
feedback loop that controls breathing. The target "set point" is p.robably not a CO2 level at all, but
rather the intracellular pH in the cells of the respiratory center in the brain stem; CO2 crosses the
membrane easily to get
inside the cells.

When under stress to remove CO2 the body compromises between the amount of CO2
buildup it is willing to tolerate and how hard it is willing to work to get rid of it.

Incidentally, a lowered CO., level from hyperventilation reduces brain blood flow and
simulates the symptoms of hypoxia. Divers breathing dense gas with inadequate breathing
equipment have been known to "hyperventilate" (as they may call it) in the sense of increasing
respiratory frequency at the expense of depth. This amounts to a rebreathing of dead space and
a net hypoventilation, and can probably lead to unconsciousness.

Higher levels

When the inspired level of CO2 builds up toward 10 kPa partial pressure the stimulus to
respiration is reduced, as the narcotic properties of the gas supersede the stimulatory processes.
CO2 at 10 kPa is uncomfortable to breathe, especially during the transition periods (on and off) if
they are abrupt, but it is certainly not fatal in itself. Emphysema patients with restricted ventilation
are often able to acclimate and carry on with levels this high. Consciousness begins to be clouded
as the level is increased, so that at probably between 15 and 20 kPa most people can expect to
become functionally unconscious.

Levels to 30 and even 40 kPa can be tolerated, for tens of minutes to hours, but this is not
all there is to it. When CO2 is abruptly reduced after such an exposure it generally leads to heart
failure due to fibrillation. The mechanism of this has to do with release of potassium from cells;
the details are not important, but the management of such cases could be. If the reduction is slow,
over a fraction of an hour, the problems can be averted. Actual experience with humans has come
from closed-loop anesthesia machines with valves inadvertently left out; these well-oxygenated
victims were already unconscious, but suffered heart failure when the problem was discovered and
the CO2 abruptly removed. Since this was worked out, others have survived this experience.

Long duration low-level exposures

Studies on submarine atmospheres have shown that up to about 1.5 kPa the crew is not
aware of the presence of increased CO2, and it is difficult to detect much in the way of biochemical
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changes. At slightly higher levels, 3 kPa, it is felt and detected, but is tolerable for many weeks.
At still higher levels to perhaps 5 kPa it can be uncomfortable, but still can be tolerated and people
can perform exercise. Higher levels have not been studied over time, but as the level and duration
increase the consequences will probably become more severe. When people so exposed would be
unable to function is not known, but the emphysema model suggests at least 10 kPa should be
endured with more or less normal function. Psychological failure is perhaps more of a threat than
physiological.

Mechanics

An important aspect of CO_, is that it can be removed from the atmosphere with the existing
scrubbing equipment. If stores of necessary consumables are available this might be an easy
"cleanup" compared to some of the alternatives, but as has been explained, it will not be without
Cost.

Conclusions

The use of carbon dioxide as a fire extinguishing agent should be decided on the basis of
its fire fighting and other operational aspects, along with a valid consideration of its toxicology and
physiology. The levels of CO2 that can be tolerated are probably higher than is generally assumed,
given the body's ability to acclimate to such a familiar stressor. This is not meant to be an
argument in favor of carbon dioxide, but is inteded to help prevent inappropriate rejection should it
turn out to have other important operational advantages.
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WORKMAN:

(Cont'd)

now, as we learn that the crew complement sizehas been reduced from eight to

four;you don'thave any "gofers"left.

REIMERS:

Regarding that camera: We would likevery much tobe able tosee a significant

enhancement ofthat capability,toperhaps the extent ofactually putting the

camera inside. The technology available should allow us todo that;Iunderstand

the difficulties.As with the mask, items have togo through testing,etc.,and

whether or not we are already behind the power curve and time linetoget some-

thing new, Idon'tknow. All we can do ismake good recommendations. Itisour

recommendation totake a very strong look at the camera, and tobe able topro-

vide for enhancement in the patient monitoring capability, and do anything that

is possible to get that workstation back, or at least have some added capability

given back to that operator who's going to be adjacent to that hatch.

I would liketolend some support tothat. Ifyou look at the scenario, let'ssay

you're talkinga 6-hour treatment, the hyperbaric chamber operator reallyhas

very littletodo but sitthere and mind valves and pressure gauges. The other

guy, who's now the Station commander, isthe only guy who can run errands to

support the three people who are inthischamber, but he'salso supposed tobe the

Stationcommander. What you'rereallygoing towant istohave the guy there at

the controlsofthat chamber be able todo whatever isnecessary torun the Station

atthe same time, leaving that otherguy freefor whatever happens. Ifyou leave

itlikeitisnow, you have everybody pinned down.

STOLLE: Iwould liketomention that one ofthe areas here was tohave allofthe physio-

logicparameters available tothe insideand the outsideattendant. With the
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STOLLE:

(Cont'd)

workstation gone, those physiologic parameters are only available to the inside

attendant and to your "gofer," who's in the node looking at the computer over

there.

BUCK: Except for what may be able to be viewed directly.

WORKMAN: That is going to compound the ability of the ground-level personnel to effectively

advise the medical officer.

STOLLE: They will have that on the ground, though. They'll have the same information as

the workstation in the node.

WORKMAN: Yes, but there's something to be said about talking to the regular crew chief. And,

the regular crew chief is the guy who's got his head at the site, not some guy who's

relaying information third or fourth hand.

BOVE: You see, the basic rule we worked on, too, is the inside tender is not the one who

makes the logistic decisions. He's the one who carries out the orders from deci-

sions, and that's been a standard rule ofhyperbarics for a long time. It's the

outside people who make the decisions; the inside tender is the purveyor of the

decisions. The situation now is, the inside tender has the data.

HAMILTON: But, that comes from a situation where you often have a level of narcosis. That's

a situation we should not see.
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Bovz: It'smore than that,because the guy's got a lotofmanual tasks todo atthe same

time as the integrated thinking, and normally you would leave the committee

outside todo the thinking and tellthe guy insidetocarry itout.

BARRATT: To add tothat briefly:We're positing,as Courtney has mentioned, that the CMO

would not be an EVA crew member. However, we do have the requirement to

deliveradvanced cardiaclifesupport in the chamber during a treatment, and

that implies that one ofthe CMOs would actually be in there.

Bowz: Then everybody has tolearn that. A 2-day course isnot thatbig a deal.

BARRATT: Your trainee may be an astrophysicistwith no medical background.

HAMILTON: Suppose you haul somebody in, you've got two suited people- one of them is a

casualty. Does the one casualty suited person go in and unsuit and stay inside,

and then you put another fresh person into the chamber with the casualty? Or

has that been thought about?

BARRATT: II'rmfollowing you, we're assuming that somebody who's ina suitisautomatic-

allynot a CMO because we've baselined two CMOs fora complement offour.

HAMILTON: Inother words, ira person'sa CMO, he doesn'tget togo on EVA?

BARRATT: That'scorrect.

J
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HAMILTON: Will you take turns being CMO? I would think that all members of the crew

would share the EVA duties, but you're saying that's not the case.

BARRATT: That's not our plan.

BUCK: But, if there are two CMOs, then at least one could EVA at a time.

HAMILTON: You have to have an inside, a non-EVA CMO whenever you've got somebody out.

So, then that person would be the person who jumps in. That bucks the trend a

little bit.

BOVE: It raises another question, too: What happens if you have to go EVA consecu-

tively for 2 or 3 days to do something? Are you saying that the first two guys

would do the next-day EVA, too? And, for the third day or whatever? What

happens if you have a 3-day EVA that you need to do?

BARR&TT: Three days in a row would represent an unusual contingency, and then of course

you might consider breaking protocol. But, as far as our baseline goes, to my

understanding CMOs would not perform EVA. ' "

HAMILTON: But, what you're hearing from us is the tradition we've grown up in, if you will.

BARRATT: Well, my understanding was that was primarily due to narcosis ofthe tender,

which should not be a problem forus.
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HAMILTON"

NORFLEET:

But, that isan issue.

Just another point ofinformation. Isn'tthat traditionalsobased on a multilock

system where, if'youneeded, you could readilyinterchange crews?

HAMILTON: Itisbased on a differentsetofrules.That's the old rusty barge, and yet,there's

stillsome merit to thisidea. Ifyou'realways going toput the highest ranking,

best medical person inside,you may be compromising your decision-making

power.

PILMANIS: Yet, you need the skillsinside.

SPEAKER: Well, the point is,you've got skillsand you've got decision-making. And, they

may not be the same.

WORKMAN: You make your callbased on the severity ofthe event. [fit'spain-only bends,

there isno problem.

HAMILTON: Right; that doesn'tmatter. There's no manipulation. But, putting ina trach tube

isnot easy;and putting in an IV in zero g,that'sterrible,because you don'thave

any vein.

PILMA_N'IS: Then you consider the outsideback on Earth.

HAMILTON: Well, that seems tobe what we're going tobe doing.
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PILMANIS: If you make the communication good enough, video and otherwise, then the med-

ical support can be on Earth and not in the Space Station.

WORKMAN: That's why it'sreallyimportant to have that camera inside.

NORFLEET: Just for the record, there's been a suggestion to delete some or all of the pan, zoom,

and tilt capability from the outside camera that presently exists. Would you

think that that would not be a good idea?

HAMILTON: If it's looking through the window, it doesn't much matter whether it pans or not.

You have a wide-angle lens on it and you can't do much with panning.

BOVE:

HAMILTON:

You might want tozoom, though, ifyou want toget a closeup.

Ifyou zoom it,then you can use pan. Or again, you'd have tojam the victim up

against the window.

WORKMAN: Yes, we talked about that. Just press your patient up to the window.

BOVZ: Iftaking away pan, zoom, and tiltinthat camera would give you another camera,

that would be a good deal.

WORKMAN: That's a good trade. If you had to have some horse-trading material, I would

consider that.
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REIMERS: As the other members ofthe committee said,justtrade the camera out there in

itsentiretyfor one you can tilt.

HAMILTON: That's a surveillance camera; that'sassumed. You willfindout what's going on

ifyou look atthe patient closely.You've got tohave a camera inside.

STOLLE: Ithink what sparked allthe moves totry and do away with the pan and tiltcapa-

bilityofthe portable is,the Stationportable camera itselfdoes not have pan-tilt.

So,Courtney's group was actuallyworking on a sightattachment mechanism

that would provide manual pan-tilttothisportable camera. So actually,the

camera thatwe're planning on using presently does not have pan-tilt,which

means we're not trading anything.

BOVE: Then we have toask for itand, when itgets there,we have tosay, _'e'd rather

trade itoff."

REIMERS: The point isthat communications are going tocount for a lot.With thisshortness

ofpeople,you'regoing tohave tobe able tocommunicate with ground. Even with

pan, tilt,and zoom, the placement ofthat camera in terms _fviewing angle isless

than superb. You're going tobe tryingto look atthispatientfrom somewhere up

there,and unless you remember tosend a mirror in with the inside attendant,

there'sno way to get a good look atthat patient'sfacewith that camera the way

itis.
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WORKMAN: You're always going to be in the same orientation to the visual display. You may

be closer to the patient, but you're always in the same orientation. You've always

got the same angle of view.

REIMERS: And, that angle of view, in my opinion, is always a rather crummy one.

STOLLE: We do have some periods of no communication capability. What's the lowest time

for those?

NORFLEET: It's85% coverage; 15% lossofsignalor something likethat.

REIMERS: l_fyou have to leave the camera where it is, I think you're going to fred that you

need to turn the patient around and put his head towards the block to space.

That way at least, if ground wants to see a patient's face, the attendant can lift

his head up, you can zoom in on it, and you can see him square out. You can see

something.

PILMANIS: Assuming it's a 70 kPa (10.2 psi) Station, if you get a severe patient, one person

really cannot do CPR, intubate, etc. Prior to hyperbaric compression, does the

Station, even though it's at 70 kPa (10.2 psi), have the capability to go to sea-

level pressure?

BARRATI": I would say that the logistics in increasing the pressure on the short term are

overwhelming.
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BOVE: Whataboutthe two locks opening together? Could they go to sea level, the

equipment and crew locks.

BARRATT: Right, sealing off the equipment lock from the rest of the Station.

PILMANIS: Then how are you going to get the other people out?

BARRATT: You could lock them out.

Bow: Well, then you have a double-locked chamber. When you're ready togo, you'd go

inthe main chamber and bring the other one back down toStation. Ifyou ran the

thing at_/0kPa (10.2psi),you'd have a double-lock chamber. Ifyou could go to

sea level,you'd essentiallyhave a double-lock chamber that would run out tosea

level.After that,it'sa single-lockchamber. But, it'sconceivable you could leave

the door open between the two locks and put the two locks down tosea level while

you did everything, and then put the crew member into the hyperbaric part ofit

and closethe door.

HAMILTON: You'd be that much better off doing the undressing and intubation during that.

NORFLEET: I think you'd have to take the node, too, because didn't they delete the hatch

between the equipment lock and the node?

BUCK: No, we stillhave that. The hatch on the node side was deleted. But, we have an

airlockhatch atthat location.

426



WORKMAN: So, that scenario perhaps is feasible.

BOVE: In other words, you only have a vacuum hatch, not a pressure hatch.

NORFLEET: You would have to take the node, too, because you couldn't have a pressure-

assisted seal between the node and the equipment lock. So, you'd have to take

the crew lock, the equipment lock, and the node.

BorE: The thing isdesigned to connect allthree. Imean, you'd have a nice,big hyper-

baricchamber there.

PILMANIS:

BARRATT:

I guess it isn't clear in my mind but, what are you designing to - the pain-only

bends patient or the severe, critical ebullism patient?

I'll try to answer this, and Bill Norfleet can back it up because there's a lot of his-

tory here. We have a chamber capability evolving on the one hand and medical

capability evolving in parallel with it. We started out with a 6 ATA chamber, for

instance, and we started out with a lot more medical capability. Both of those

have evolved upward or downward, however you want to say it, and not neces-

sarily in step. We still have the capability defined to deliver ACLS in the cham-

ber. That, of course, implies a critically ill patient who's bent. On the other

hand, we have a monolock 2.8 ATA chamber to work with; that's all we have.

PILMANIS: But,can you deliverACLS with one person?

BARRATT: That's a very good question.
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PILMANIS: I don't believe you can.

BARKATT: Part of this is reflective of future capabilities in that we are eventually to have a

cardiac compression assist device- a mechanical device that would be one-handed

that a single CMO would be able to operate. Ifa patient has deteriorated and has

had the appropriate orifices tubed, cannulated, etc., and then is translated into

the chamber, all I can say is that the founding fathers believe this is possible.

NORFLEET: And, I would comment that, in an ideal world, form would follow function. You'd

have clearly defined goals and then facilities to meet them. This has been much

more of an iterative process - trading equipment, and the like. So, the point is

well taken.

HAMILTON: Last time, you didn't even let us talk about any of this. We've gotten somewhere.

NORFLEET: The flavorIget from the Program Manager's discussions isthat,when we start

talking about blowing a glove or catastrophicfailureofa suit,the phrase "It'sa

bad day" comes up a lot.It'shard toget those scenarios taken seriouslyas being

reallysurvivable. The probabilityisseen as being so remote that it'snot worth

devoting hundreds ofpounds ofresources tothat.

PILMANIS: Yes, and they may be right.Ifyou're halfa mile out and you blow a glove,it'sa

good chance that it'sa bad day. But, what about the in-between situation? Ibe-

lievethey axe underestimating astronaut survival. Exposure tovacuum does not

have tobe automatically fatal.
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NORFLEET: We do the best we can.

REIMERS: The most likely time it's going to happen is right after you go out, right after you

put the thing under stress. That's the most likely time, just like car accidents

happen closest to home.

PILMANIS: Wasn't there an EVA incident in the lastShuttle mission involving a damaged

suit?

SPEAKER: Yes. That was plugged, but it came close.

PILMANIS: Now that wouldn't have been catastrophic, even if there had been a larger leak.

SPEAKER: It did leak.

TRAUSCH: During the last EVA, when the crew members got back, they noticed there was

blood in the glove. And, when they looked at it, they found a pinhole in the glove.

You know, the astronaut didn't even notice it. The only way they found it was be-

cause his blood was on the glove.

HAMILTON: Was it a meteorite or something?

TRAUSCH: No, it was the palm bar restraint.
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BORE: Maybe, Tom, you can verifythis.Ithought when we met there were tobe two com-

mittees. One was tohave been the serious,the Type I,and the other the Type II

committee.

HAMILTON: Iunderstand the common one was engineering.

BOVE: Ithought we were the Type IIcommittee, because we started out with the premise

that we were going tobe treatingthe possibilityofair embolism or ebullism and

Type IIdecompression sickness,and that'swhere we started with the 6 ATA

chamber. And, that was inthe discussion from day 1,as Irecall,in that group

that we had together.

STOLLE: Ifyou look at JSC-31013, which isour requirements, itsays, "treatfullrange of

DCS and ebullism." So, itdepends on how you interpretthat;but allyou have to

work with is2.8ATA.

BOVE: That's okay. Itgives us the task. We have tofigureout how todeal with it.I

don't think there'sany problem interpreting what that says. Itbasicallysays,

"treateverything." As we know, the risksor the probabilityofthe reallyserious

ones are low, but we ought tohave some way ofdealing,at leastto some extent,

with the possibility.
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I-Iyperbaric Treatment Capability for Lunar Base

BARRATT: I'dliketomove on tothe next presentation, which isDr Bruce McKinley's, who's

going todiscuss Lunar Base. We're going totake a major turn here and ask a

major question,and possibly define the futurethereafterofwhat we'd liketo see

done with the committee. I'dliketoget a littlebitoffeedback from you folkson

that as well.

HAMILTON: We are going tobuild a concrete chamber on the Moon, aren'twe? Idon'tknow

whether there'slimestone on the Moon or not.Then you could cook some Portland

cement.

POWELL:

DR. BRUCE

MCKINLEY:

You know, historicallyspeaking, the firstsciencefictionstory released recently

was Edward Everett Hale's "BritWilliam," and that was a concrete space

station.

I'dliketoaddress the evolving Lunar Mars Program, the hybrid program that,at

thispoint,isan initiative.It'sengendered quite a bitofinterest throughout the

Agency and contractors,but there are a lotofthings that happened inthe past

couple ofyears. So, although Ithought itwould happen and become a program,

at thispoint ithasn'tyet. However, a lotofdesign effortshave been going on.

Idon'tknow how many have seen thispicture(FIG.103) - it'sbeen around for a

year and a halfor so. Itshows a lunar outpost with a spherical inflatablehabitat,

startingwith an initialhabitat and a whole lotofinfrastructureand emplace-
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MCKINLEY:

(Cont'd)

ment. The idea is that people would be able to live on the Moon indefinitely. This

emplacement would handle a crew of 12. The idea is for a permanent emplace-

ment headquartered as one possibility, with the ability to use resources that are

found on the Moon. What those resources are and how they would be used would

take a lot of study, but one example would be to obtain oxygen derived from Moon

rocks. Another possibility is to use the lunar rocks themselves as a building ma-

terial to construct habitats. I'm going to show you a few pictures of some of the

things people have in mind. One is living in habitats. Another is rovers - this is

a so-called pressurized rover. The idea here with the rover is that there would be

extended missions from a habitat lasting weeks, with radius of exploration from

the primary habitat of 100 km having been mentioned. Also extensive EVA with

a surface'suit. The suit is something that doesn't exist at this point, but a lot of

ideas are being formulated as to how to design a suit that would function on the

lunar surface. They're also talking about EVA for a Mars mission. So, this illus-

trates the idea of remote EVA. The idea here is exploration and science, but

there is a lot of concern about what might happen if something goes wrong with

this EVA suit, which is something that a few of us have discussed also - Bill

Norfleet, myself, and others.

Vehicles are being described;space transfervehicles.This isjustan illustration

ofa lunar transfer vehicle.Something for a Mars mission would probably be

much bigger and much more complex fora very long-duration mission, on the

order ofmonths toa year in thisvehicleen route toMars, depending on the type

ofmission. A point here isthat EVA from one ofthese vehiclesas presently stated

isplanned only for a remote contingency. Possibly what's going on here istrying

toavoid the Space Stationcontroversy that was brought up earlierthisyear about
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theamount ofEVA itwilltaketomaintaina Space Station.There'salsoa lotof

considerationastowhether thisvehicleforan extendedMars missionwould re-

quireartificialgravityand how toprovidethat.The onlyfeasiblemethod that

has been discussedisarotatingSpace Station.EVA from a rotatingSpaceSta-

tioncouldbringnew meaning totheword "spinoff."

So thisis,perhaps,a more realistichabitatdesign.It'sactuallythefirstpartof

one ofthefirstpicturesIshowed ofthelunarbase.It'scalleda constructionshack,

and itmight have some resemblancetoa SpaceStationmodule,which maybe

some ofyou arefamiliarwith.The ideaisthatthiswould evolvefrom theSpace

Stationmodule. The ideaisthatthiswould accommodate a crewofsix.

These are some ofthehealthcarefacilitiesthatwere designedintothishabitat.

These designs,by theway,arebeingdone by spacearchitects,and they'rein-

corporatingsome reallyinterestingmethods ofdesign.There'sa lotofdetailthat

goesintothedesign,butIwant toemphasizethatthereisno onehabitat,thereis

no one mission;it'salljustpreliminaryplanningatthispoint.

Another designisforalarger,inflatablehabitat;horizontallyinflatable.This

would accommodate a crewof12. Another viewshows some shieldingthatwould

be erectedoverthat.A viewoftheinsideshows a spacesuitmaintenanceand

preparationarea.Inworkingwithone ofthearchitectsdoingthathorizontal

inflatablehabitat,he offeredtodo some work inprovidingsome conceptdesigns

for health care systems. What we've done is try to carry forth the Space Station

analogy to provide some pictorial representation of what might fit in this fairly

large habitat. What is shown here are some countermeasures; an analytical
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laboratory section and a medical care section. A starting point for a design, at

least in our minds, was work volume. I think that's one important concept that

really wasn't involved in early Space Station medical care system designs. That's

a question I have that I want to put to you folks.

One thing I just want to point out here, on that medical care system, is the hatch.

This will provide a hyperbaric airlock or hyperbaric treatment capability as part

of the medical care system. The idea here is to use the hatch, but that's as far as

it's gone. And, even the hatch isn't quite right here. We ought to have that elong-

ated to accommodate the partial gravity and try to eliminate the big stopovers

that aren't really a big problem in lunar gravity.

So, that is an introduction and at least an assumption, that there will be explora-

tion of the Moon and Mars by crews and surface exploration using permanently

emplaced habitats, lunar rovers, and EVA suits. Vehicle EVA for contingency

only. Maybe the most important issue here is that the respirable atmosphere

composition and pressures are to be determined. A further assumption is that

the habitat and EVA technology - say, 10 or 20 years from now - will be able to

accommodate any required combination of pressure or composition that will be

necessary to make the transition from a habitat to space suits.

We have a little project ongoing now that actually addresses airlocks and airlock

designs for some of these habitats. Although it's very preliminary and the actual

construction of such a habitat is quite far off, we're really getting down to some of

the details. I want to review some of the assumptions for this design project that

are ongoing. Basically, the assumption is a crew of six, with a surface stay time
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on the planetof45 to180days. The outpostdescriptionwould includetwo habi-

tats,two nodes,a laboratory,the lunarLOX productionplant,a vehiclefueling

pallet,and apressurizedrover.EVA couldinvolvethreemissionsper week,with

atleasttwo crew members per mission,buttheideaisnottohave a missionre-

peatedon consecutivedays.

Iwould liketogetfrom you folksan answer tothe firstquestion.Ideally,Icould

geta "yes"or"no"answerwith the littleinformationand theplanningsofarand

beabletotake thatbacktoa meeting on Monday. The fn'stquestionis:Assum-

ingtherewould be noneedforpressuretransitionfrom thehabitattoEVA, is

hyperbarictreatmentcapabilityneeded forexplorationmissions?

WORKMAN: Have you worked outwhat yourfailurescenariowould be withwhat you antici-

pateintheEVA suit?

MCKINLEY: No. Ithinkthemain pointinasking thisquestionhereisthatthefocusforSpace

Stationactivitieshas reallybeen on theoperationaldesignofthepressuretran-

sitionfrom the Shuttleorfrom the Stationtoa lowerpressuresuit.So,thereisa

built-inriskofdecompressionsicknessorpainsorbubbleevolution.

Bov_: What are theassumptions?That theentirehabitatismaintained at29.6kPa

(4.3psi)?Or, are you goingtorun thesuitatsealevel?

MCKINLEY: The assumption isthatwe would have theabilitytotransitioneasilybetween

eitherthehabitatorthesuit.Combinations ofpressureand/oratmosphericcom-

positionwould be chosentoaddressthattransition.Ideally,the pressureswould
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be the same; I should say 55 or 60 kPa (9 psi or 8 psi), maybe going from a nitrogen

mix in the habitat to oxygen in the suit.

PILMANIS: There are two reasons for a hyperbaric chamber. One is the problem of going from

habitat to EVA and the associated pressure transition. The other is failure of the

EVA suit. Or, not necessarily the suit, but perhaps a part of the Station, which is

inevitable sooner or later. You then have two choices: You either treat the peo-

ple or you write them off. I don't know of any other choice.

BORE: I think the first answer is that it would not be a problem ffthe pressure doesn't

change, unless you change the breathing gas. I would strongly suggest that, if

you're going to keep all the pressures the same, you leave the breathing gases the

same as well. If they breathe whatever the mixture is in the habitat, they could

probably breathe the same in the suit.

HAMILTON: Even ffyou changed it, you could work that out. And, you could certainly have

the Station at 70 kPa and the suit at 50 kPa and jump back and forth between

them, or something like that. We're assuming that a hard suit, or a suit that

would run at those pressures, would be available. I think that's a reasonable

assumption.

BOVE: Yes, that'strue.

MCKINLEY: Whatever the designis,the assumption is,at leastfor our design project,that the

technology isavailable.
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HAMILTON: But,thatdoesn'teliminatethefactthat there'sa vacuum out there. All the time.

POWZLL: That question is the one that's going to haunt you, since most of the Moon is out-

doors. You're not going to get around it. You know, in truth they tried making a

ship without lifeboats once, and they haven't done it since. History shows you it's

a bad place to put all your money.

REIMERS: And, the more industrialyour operations become, the more likelyitisthat some-

thing isgoing to go wrong.

MCKINLEY: My intentin showing some ofthese pictures isthat there are a lotofactivitiesas-

sumed. By the way, ifyou'reinterested,one ofthe most recent documents that's

publiclyavailable isthe so-calledsynthesis report. Itwas published earlierthis

year. This isavailable,and it'sprobably the most comprehensive compilation of

the exploration initiativewithin the program.

HAMILTON: I'dread itifyou sent ittome. That's the highest compliment Icould pay.

BARRATT: We willsend copiestothe committee members. Itmay take a littlewhile, but

you'llget them.

MCKINLEY: Bill,interms ofan introductiontothis,thishas been going on ata fairlyhigh pace

for2 years now and ata lower level,a slower pace, forseveral years within NASA.

Any major factsthat I'veoverlooked here as an introduction?
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NORFLEET: No. I would emphasize that cabin atmosphere selection is going to be an ex-

tremely interesting process, trading off physiologic concerns against material

safety. But, basically, exactly what you've highlighted are the issues.

WORKMAN: I think for the purposes of your meeting Monday, the answer is: Yes, the commit-

tee would recommend inclusion of a hyperbaric chamber.

McKINLEY: If nothing else, the possibility of traumatic suit rupture and ebullism drives this

need.

PILMANIS: Let me comment on that. We are currently doing research on ebullism and hyper-

baric oxygen. But, all this time we do not have any data whatsoever that prove

that HBO is the treatment for ebullism. Until that kind of research is completed,

I intuitively would use it if confronted with it, but the data are not there at this

moment.

MCKINLEY: So ebullism isthe major concern, but hyperbaric therapy may not be the def'mitive

treatment.

PTLMANIS: We don't have a medical protocol for ebullism; that's the bottom line.

POWELL: Whatever would be an addition,though, rd think would be adjunctive. Idon't

know how you would restorethe c£rculationwhen it'sfilledwith gas bubbles.

BORE: Well, Ithink the data suggest that,ifyou get back toyour source pressure, you

can recover a lotoffunctions.Just going back toyour source pressure may be
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enough. And, the question is:Would we be gaining a whole lotwith hyperbaric

treatment beyond that?

HAMILTON: There aren'tmany cases,though, where altitudedecompression sickness hasn't

resolved and has needed aggressive treatment.

BORE: That's right.

McKINLEY: But, that'snot ebullism.

HAMILTON:

REIMERS:

No, but there are a lotof similarities.Now, ifyou've got a person with no inertgas

on board, then that'sokay. But, these people,there'sgoing tobe atleasta halfan

atmosphere ofinert gas in there;50%, more or less.

Yes. Ithink it'sfairtosay that we don'tknow yet, from a medical point ofview,

what's the best way todeal with ebullism. However, atthispoint,some plans

have tobe laidon the basis ofthe best available guesses; and that'swhat they

are. The best available guess is,it'slikelythat some sortofrecompression facil-

itytosomething inexcess ofStationpressure willprove tobe required. But,

the medical research may show thatallyou've got todo isget back to Station

pressure.

MCKINLEY: A couple ofother obvious things here are that thisismore remote than Space Sta-

tion;the Moon, by current technology,is3 days away, and the idea again here is

tobe able togo tostay. For a Mars mission, itwould bejust impractical to return

en route;depending on the particularmission designs, these are on the order of
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3 years for a total Mars mission. There are more activities; there's partial gravity

involved also. The types of activities involve trucks and rovers and high energy

and compressed gases and pickaxes and everything else. So, there may be more

hazard than is being envisioned.

WORKMAN: Now, we're looking at a situation where you've got a risk of trauma in addition to

just the released pressure scenario.

SPEAKER: In a vacuum.

MCKINLEY: Ishould also say that,a lotofthe assumptions or working concepts that you have

been talkingabout forSpace Stationappear tobe able tocarry righton intosome

ofthese exploration missions. Such things as the buddy system for EVA. One

problem has been the idea ofextended rover missions. One place mentions a

100 km radius for the rover;and the person involved with EVA suitdesign

pointed out that,ifyou got a flatout there and you couldn'tf_ itor the engine

quits,you wouldn't be able toget back.

HAMILTON: It's a long way back.

MCKINLEY: You couldn'twalk back. There wouldn't be enough oxygen inyour tank.

WORKMAN: Then it's a bad day.

MCKINLEY: Yes, it's a bad day. Another extension of these concepts with this rover with these

extended missions involves EVA from the rover. You've also got the potential for
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a hypobaric accident from that rover. So, that'sa relatedquestion here: Ishyper-

baric treatment capabilityneeded?

HAMILTON: We could probably build a rover without much extra effort so it could be sealed off

and pressurized to 1 ATA, which is what we like.

McKINLEY: Well, that'sa relatedquestion then. With a hyperbaric chamber atthe habitat,

would itbenecessary tohave a chamber ina large rover as inthe pictureIshowed?

HAMILTON:

REIMERS:

With the rover itself,we're looking atobviously some help atI ATA, certainly if

you see aproblem with your suit.Ifyour suitisgoing tofail,you've got a place to

go. You've got a place tohide. And, you want toget out ofthe suit.Ifyou're go-

ing togo thatfar away, it'sgoing totake a long time.

The other thing,too,isthat when you starttalking about a rover,now you're

talking about a vehiclethat'sgoing tohave tobe stiffenough towithstand being

jostledaround and banged and whatever.

HAMILTON: So,the structurehas got tobe there anyway.

REIMERS: You're going tohave structure enough theretohave a fairlyreasonable pressure

vesseljusttokeep the thing from fallingapart.

WORKMAN: Well, my firstthought when you put the slideup was, "A mobile hyperbaric

chamber, n
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BOVE: This thing could dock right up against the outer door of the Station chamber, and

you could just pass people through with relative ease.

REIMERS: Hyperbaric chambers are frequently much thicker than they need to be for rea-

sons of pressure, just for reasons of being able to build the thing and handle it

without destroying it.

MCKk_._Y: Well, I think I'm pretty close to a _yes" on the first question. The other questions

are more along the lines of design and more detail. This is not something that's

going to be solved this year, obviously; and the idea here, Mike, is to have you

folks involved and be able to respond to some of these questions. If you felt inclin-

ed to think about them and get back with some response, I'm certainly available

to feed that information in and use it over the next months to years. I think a

major thing here for you folks also is to be able to carry forward some of the good

things from the Space Station Program and also, maybe, think about some of the

things that aren't exactly right and be able to work them in at an early date.

[EDITORIAL COMMENT'. Let the record reflect that the Committee was in complete agreement that

there should be hyperbaric capability for both lunar and Mars bases.]

PILMANIS: I think I would just reiterate what Barbara Stegmann said yesterday; that you

can engineer out DCS. I'm sure it can be done. But, you can never, never engi-

neer out exposure to vacuum.

MCKINLEY: That's my approach here also, and I think it's common sense to follow it.
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WORKMAN: We're inagreement withthat.Strongagreement.

HAMILTON: Ipredictthatthefirstlittlebitofexperiencewithquestion2willanswer itforyou.

You'regoingtowant aseparatechamber where weightisnotsucha problem if

you can use localmaterials.

MCKINLEY: So,separatetheEVA airlockfrom thehyperbaricchamber?

HAMILTON: Itwillprobablyturnouttobe a betterway todoit.You can usethespace;that

can be your medicalbunk ortreatmentfacility.It'sknown, down inthehyper-

baricand divingcommunities,thatthatspaceisnotjustsealedoffandonlyused

when it'sabsolutelyneededfortreatment;itcan beused forotherthings,too.

Bovz: Itwould stillbe nicetohave an outsidelockon that.Because again,ifyou had

a roverouttherethatgotintroubleand was pressurized,you couldmate that

thingand bringthepeopleinwithouthavingtotrytodecompress them.

MCKINLEY: Well,now we'reofferingtogetintosome details.Itdoesn'ttakeverylongtothink

aboutsome ofthesethingsand work withan architecttotryand getsome ideas

thathave some credibilityillustrated.And so,one ofthe questionsiscapacity-

designthisforone crew member plusan attendant?We have a crewof12. These

aredifficultproblems.There'sno realformulaforthese.

BOVE: You'renotgoingtohavea steelmilldown there,areyou? There arestillgoingto

be weightproblems gettingthisstuffthere.
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McKINLEY: That's a big issue. Most of the habitat designs that I showed you are collapsible

or inflatable.

HAMILTON: There's really nothing wrong with that. Make something that's light, made of a

polymer, and inflated, and it will hold the pressure. It doesn't have to be made of

aluminum. This one does because it has to be structural. But, build the thing out

of basalt bricks and then line it with an airtight device that's wired on the inside.

You don't have to take all the weight with you.

MCKINLEY: But still, the volume then that's necessary here is enough for at least two people

within this facility, within this chamber. Now, are there dimensions that will go

along with this?

HAMILTON: Well, you would provide one of them.

REIMERS: I think, based on previous discussions, there's really not a purpose for having a

hyperbaric chamber except for treating ebullism. Within the time associated

with that, you're probably going to fred that it's sensible to have the chamber big

enough to where all you've got to do is get the patient in, shut the door, and, once

you'vedone that,you could take the suit offwithout having them spend the time

todo that beforeyou can get toyour therapy.

PILMANIS: That's the ideal, yes. So, that's really intensive care you're talking about.

HAMILTON: You'd need a workstation and an ability for a lot of people to get around it.
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BOVE: I think the best thing to say is, it should be bigger than the one we've got now.

WORKMAN: What aboutdoublelocks?

SPEAKER: Itwould be nicetohave a doublelock.

MCKINLEY: BillNorfleetand Ispenta littletimeon thisa yearago. The ideaofa personnel

lock,bothinsideand outside,thatwould bea totalofa three-lockchamber plusa

pass-throughlock.

REIMERS: A personnellock,inthissense,couldbe rathertiny.Itdoesn'thavetobe big.

WORKMAN:

MCKINLEY:

Yes,itdoesn'thave tobethatsize.

Allthethingsthatseem tobe problems carrythrough here,includingthe gas

efficiencyand power and the launchweightand volume. Allthosearealready

concerns.

HAMILTON: Well,forexample,unlessyou have theabilitytomake oxygenon siteusing solar

energyand thelocalrocks,you'renotgoingtothrow oxygen away inthissitu-

ation.You'regoingtoreuseeverybitofit.So,we do some thingsnow because

it'stheeasiestway todo it;but inthatsituation,everythingisgoingtohave

tobe recycled.Gas isnotgoingtobe suchan issue;that'swhether somebody is

breathingoxygenornot.Because you'renotwasting anythingby doingthat.He's

gottohave hismetabolism.

446



PILI_ANIS: Mars is CO2?

McKinley: It's a very thin CO 2 atmosphere.

Bore: That's a lot of CO 2to do something with, even [fit's rarefied. There are billions of

cubic feet of CO_.

Hamilton: And, what is that white stuff?. Is that CO2?

Speaker: That's frozen CO z.

Pilmanis: You've got your fire extinguishers.

Hamilton: Chemists could deal with that real easily. That's a lot easier to get oxygen out of

than a rock. There is presently also some water ice on Mars.

POWELL: It would be nice if you made your rover so that it could pressurize with the lock.

It makes it easier backon the outside. Instead of having to put somebody back in

the suit or decompress them during transfer back inside. That's like these per-

sonnel transfer capsules.

MCKINLEY: That's been discussed and, tomy knowledge, it'swhat people use in diving for

transferringinjured divers;a small one-man hyperbaric oxygen chamber.

Bovg: The problem you have here is, if the rover was out and something happened and

they had to bring a guy in and compress themselves to some pressure to keep him
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BOVE:

(Cont'd)

stable,inordertogetout oftheroverand getbackintotheStationyou'dhave to

go back intolowerpressures.Ifyou'rejustlockingon asa dockingdevice,you

circumvent that.Infact,you'dalmostneedadockingsourcebecause,inorderto

getinthe rover,everybodywould have toputon theirsuitsand gooutside,getin

therover,and taketheirsuitsoff.Whereas ifthisthingdocks,you couldjustwalk

intoit,closethehatch,and driveaway. So,italmosthas todock.

_J

HAMILTON" Yes. As a matter of fact, EVA from the rover will be something like EVA from the

Station. It won't be a normal thing. They'll drive around a lot before they get out

and look around.

MCKINLEY: The last'questionthereaddressesrelatedusesforahyperbarictreatmentfacil-

ity,basicallyhavinginmind an enclosedchamber. One thingI'vementioned

would be a contingencyoperationalmode fora habitatinwhich thelifesupport

system was notabletosupplyadequateoxygenand pressure.Itwould allow

them tostepintoa smallchamber periodicallywith highoxygen concentration.

Or, ifthehabitatwas onlyabletosupplyahighoxygen concentrationatade-

gradedpressure,one couldstepintoa smallchamber periodically.Idon'tknow

whether thatwould solvethetoxicityproblemornot,orwhether itwould prolong

theabilitytostay.

BORE: One way istousethechamber as a locktoyourrover,and thenusetheroverasa

lifeboatand have itdockthereanytime it'snotinuse.Ifsomethingshouldoccur,

they couldjump inand use thehyperbaricchamber asan airlockand gettothe

rover.The otheridea,I'mnotsureitwould work,is:Intermittenttherapywould

involvehavingall12peopledown thereinyourtinyhyperbaricchamber.
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MCKINLEY: Well, maybe not all at once.

BOVE: As time went on with this thing, you'll get to the point where you'll need the treat-

ment more and more, and they'll all end up in there at some point.

McKINLEY: The idea of a storm shelter is something else that's been discussed; a radiation

storm shelter. People start thinking about a thick-walled chamber, and the idea

of a radiation shield occurs. Now, that is one where you start getting to the point

where everybody climbs into this chamber for a period of time.

BOVE: You are going to need some kind of an airraid shelter or a cosmic ray shelter.

MCKINLEY:

HAMILTON:

That's right.

Wouldn't some of this best be done by digging and placing it underneath the sur-

face of the Moon?

MCKINLEY: That's an option that's being discussed. The cost of doing that will be considerable.

HAMILTON: Yes, tunneling under that rock would solve some problems; but those machines

are very heavy.

BOVE: What kind of shelter do you need for something like this? A couple of inches of

steel?

MCKINLEY: I don't know the details on that, but it dominates the Mars requirement.
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Assumptions:

i. Exploration of moon and Mars by human crews.

2. Planet surface exploration from permanently emplaced habitats using

rovers and EVA (surface) suits).

3. EVA during Mars transfer for contingency only.

4. Respirable atmosphere composition(s) and pressure(s) TBD; habitat and

EVA technology able to accommodate required combinations.

Hyperbaric Treatment Capability for

Space Exploration Missions (cont'd)
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Reference lunar exploration mission:

Crew: 6

Surface stay time: 45 - 180 days

Outpost description: 2 habitat modules

2 nodes

1 laboratory module

lunar liquid oxygen production plant

and transfer vehicle fueling pallet

1 pressurized rover

EVA (from habitat or rover): 3 missions per week

_2 crew members per mission

1 mission alternate days

- purpose: maintenance, expansion of indigenous space materials

utilization pilot plants_ outpost infrastructure, habitat;

exploration, science.

Hyperbaric Treatment Capabilityfor

Space Exploration Missions (cont'd)
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Questions:

IQ

2.

.

_o

Assuming no need for pressure transition from habitat to EVA, is

hyperbaric treatment capability needed for exploration missions?

o

Could EVA airlock and hyperbaric treatment facilities be combined, or

would hyperbaric treatment facilities require dedicated work volume?

Should hyperbaric treatment facilities be located next to other

medical care facilities of a habitat?

What would be basic design and performance requirements for hyperbaric

treatment facilities for a lunar outpost/rover, Mars outpost/rover?

capacity (number of patients, attendants)

work volume, dimensions, shape

communication (direct voice, vision; electronic data)

working pressure

gas supply system

medical electronic equipment (hyperbaric/O 2 rated)

personnel lock(s): EVA access

IVA access

equipment/supplies "pass through" lock, dimensions

Are there other related uses of a hyperbaric treatment facility that

should receive attention?

Hyperbaric Treatment Capability for

Space Exploration Missions (cont'd)
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Meeting Overview

BARRA2"r: Thanks, Bruce.Well,Iwanted torecapveryquickly,althoughImay totally

abbreviatethat.Imade a listofwhat Iconsideredtobe veryusefuland valuable

outcomes.I'mnot goingtobelaborthepointby readingallofthis;but Ithink,

overall,it'sbeen a veryproductivecoupleofdays.I'm sorrythatitwasn'ta 3-day

period.Ithinka lotofthesediscussioncouldhave gone on and,inparticular,the

treatmentscenarioswillneedtogoon inthefuture.We'llhopefullybeaddress-

ingthosesoonerthan later.Thank you allforcoming. I'vebeenreadingyour

literatureovertheyears,and it'sa pleasuretofinallymeet you all.

ColonelWorkman had spokenwithme aboutthefutureofthecommittee and

about thepastbeforewe reconvenedthistime.Apparently,therehad been some

problems withthe informationgeneratedby thecommittee,orinfluencedby the

committee,actuallygettingbacktoyou all.We'retryingtoseta mechanism in

placethatwilloutlivethehyperbaricsubsystem managers sothat,whenever we

generateformalinformation,itwillbeappropriatelydistributed.Itshouldgo

withoutsayingthatthisshouldbe apermanent fixture.

The otherpointofthe committeebecoming a standingcommittee: I'vebeen

discussingthatwith Dr. Billica,who'sour medicalbranch chief.Severaltimes

duringtheselastcoupleofdays,it'sbeenbroughtup thatdecisionswillbe made

inrealtimebased on theCMO's impressions,thecrew surgeon'simpressionson

theground,and whatever bank ofconsultantsisavailable- thatisyou. Ithink

thatshouldgowithoutsayingaswell.You willbeestablishedasa rovinghyper-

baricconsultingcommittee and,assuch,some change inthestatusofthe
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BARRATT:

(Cont'd)

committee will I think be effected. What that means in NASA jargon, I'm not

really sure. But, we'll try to keep you posted on how we do that. I think a formal

status is in order in that regard.

WORKMAN: On that same thought; I don't think that any of us are hung up on how it happens.

The issue is communications and our ability to maintain some reasonable aware-

ness level of what's going on.

HAMILTON: And, we have to be a pronounceable acronym.

BARRATr: IfI can swing it, you can come up with your own acronym, but we'll design the

patch. And the final thing is, Bruce presented the Lunar Base; the SEI outlook

overall will include a hyperbaric approach. And the committee, of course, will

not stop with Space Station. We're in a very preliminary design process, but I

think your continued input will be desired there. With that in mind and with the

idea of the consulting group, we need to change the status and get this as a more

permanent organization. Regarding the minutes and transcriptions of this, I'm

not sure how soon it will be ready. It depends on whether we do the transcribing

or we send it to NASA to have it done. Whatever comes out of that, I will try to

make them available to you as soon as we can. I'll have an abbreviated form of

the minutes, based on my personal notes, out to everybody within the next couple

of weeks or so.

HAMILTON: Do you want anything back from us?
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BARRATT: Well,Imentionedflippantly that the treatment scenarios might be done by mail.

We may consider coming up with a list of the actual treatment scenarios that Bill

mentioned, and possibly a couple of others, mailing those out to you, and getting

a consensus return. I'd be very interested to see what people's treatment approach

would be.

WORKMAN: Before Billand Ihead out,Ijustwant to reiterateour pleasure inhaving a chance

tocome toHouston. Thanks forallthe leg work that allofyou have put in toput

us back together again. And, I'veenjoyed everything. Ithink Ican speak for

everyone here: This has been a very productive experience forus. It'sgenerated

a "Gee, thisisneat!"feeling.And, that'sa good feelingtoleave us with. Hope-

fully,what we've been able todo inthe lastcouple ofdays has been helpful toyou.

HAMILTON: We certainlyagree with that.

BARRAI'r: Okay. Thanks everyone.
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